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INTRODUCTION 
NEUMO-ENCEPHALOGRAPHIC vis- 
ualization of the third and fourth ven- 

tricles, the aqueduct of Sylvius, the basilar 

cisterns and the cerebellum is an important, 
and frequently the most difficult part of the 
investigation. This is particularly true 
when ventriculography is performed, and 
it is often in those patients with suspected 
midbrain or posterior fossa disease who re- 
quire ventriculography that information 
concerning the midline structures is most 
necessary. If an adequate quantity of air 
enters the ventricular system the third ven- 
tricle may be outlined fairly well in a good 
proportion of patients. The percentage of 
visualizations of the third ventricle may be 
increased by the maneuvers recommended 
by Twining.” The fourth ventricle and the 
aqueduct of Sylvius are more difficult to 
outline, particularly during ventriculogra- 
phy. The various manipulations of the head 
such as those advised by Lysholm” are usu- 
ally unsuccessful.!? Opaque encephalogra- 
phy using lipiodol" or thorotrast® advised 
for a short time has been discarded because 


of the risk to the patient. The paranasal 
sinuses, the mastoid cells and petrous pyra- 
mids, and air in the convolutional sulci and 
the basilar cisterns may further obscure the 
air-containing midline structures. 

Many of these difficulties may be over- 
come by means of body section roentgenog- 
raphy, a technique whereby roentgeno- 
grams of preselected planes within a 
structure can be made.’ Its application to 
the roentgenologic investigation of the 
chest and skull is well known.* In 1937 
Carillo, Oribe and Malenchini? advised 
laminagraphy as an adjunct to pneumo- 
encephalography for visualization of the 
third and fourth ventricles, the cerebellum 
and the basilar cisterns. Turner and Lutz®-"4 
independently described the advantages 
of laminagraphy with pneumo-encephalog- 
raphy, and stated that it might visualize 
the fourth ventricle when routine roent- 
genograms failed to do so. 

Our previous experiences with laminag- 
raphy of the skull‘® instantly confirmed 
the possibilities pointed out by these 
authors, and laminagraphy was added to 


* From the Radiologic Service of M. G. Wasch, M.D. and the Neurosurgical Service of L. M. Davidoff, M.D., The Jewish Hospital 


of Brooklyn, Brooklyn, N. Y. 
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our routine roentgenographic procedures 
with pneumo-encephalography. During the 
past two years over one hundred such lami- 
nagraphic examinations were performed. 
These have convinced us that its addition 
to the routine pneumo-encephalographic 
technique is most desirable, particularly 
when information concerning the midline 
structures is sought. 
TECHNIQUE 

We use the Kelley-Koett Kieffer lamina- 
graph® and regard it as an efficient ap- 
paratus capable of producing body section 
roentgenograms of consistently good qual- 
ity accurately and repeatedly, with no de- 
lay or inconvenience to the patient. 
Pneumo-encephalography is first performed 
and stereoroentgenograms are made in the 
erect and supine positions in the lateral, 
posteroanterior and anteroposterior pro- 
jections. It is sometimes possible to intro- 
duce gas into the anterior half of the third 
ventricle by placing the patient in the 
supine position with the head in hyper- 
extension, tilting the table so that the 
orbitomeatal line is horizontal, and making 
the roentgenographic exposure in the 
lateral projection. 

After the standard exposures are com- 
pleted and the wet films examined, the pa- 
tient is transferred to the laminagraphic 
room and placed in the recumbent prone 
position. The head is positioned as for a 
lateral roentgenogram and the midline of 
the skull is measured from the table top. 
A lateral laminagram is made through the 
sagittal plane in the midline and either 0.5 
or I centimeter above the midline as de- 
sired, with the head in the right and left 
lateral positions. This permits the gas to 
ascend to the portion of the ventricular 


system which is uppermost, so that the left 


lateral position permits gas to ascend to- 
wards the right side and vice versa. Not 
infrequently a true midline laminagram 
will not reveal the aqueduct of Sylvius and 
other midline structures because of intra- 
cranial disease, while other sections slightly 
off center might prove more informative. 
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A routine series consists of a center cut 
laminagram and cuts I cm. to the right and 
left of the midline. Other studies are made 
as required by the individual patient. 

Our results with laminagraphy in the 
posteroanterior and anteroposterior posi- 
tions have not warranted the inclusion of 
these projections in our routine work. How- 
ever, if there is any possibility of deriving 
further information we do not hesitate to 
use these projections. 

The technique which has proved most 
satisfactory is a five spiral motion, five sec- 
onds’ exposure, 150 milliampere-seconds 
and 60 to 65 kilovolts for the average pa- 
tient. It is desirable to focus the roentgen- 
ray beam so that the field of exposure 
coincides with the film size, the 10 by 12 
centimeter film being used most often. If 
finer detail is desired the field may be fur- 
ther limited centering the beam on the area 
to be examined. 

If the Kieffer apparatus is not available, 
readable but less satisfactory laminagrams 
may be obtained with apparatus using rec- 
tilinear motion only. Several devices have 
been described which enable one to adapt 
the usual roentgenographic table and tube 
stand for body section roentgenography.! 


NOTES ON THE NORMAL ROENTGENO- 
GRAPHIC ANATOMY OF THE 
MIDLINE STRUCTURES 
The normal third ventricle is a midline 
cavity which is more or less trapezoidal in 
shape in the sagittal plane and lenticular 
in the coronal plane. It is connected with 
the lateral ventricles by the foramen of 
Monro rostrally and the fourth ventricle by 
the aqueduct of Sylvius caudally. Its an- 
terior wall from above downwards is formed 
by the anterior pillars of the fornix, the 
anterior commissure and the lamina termi- 
nalis. If front lies the small cisterna cinereae 
laminae terminalis, and beneath this is the 
cisterna chiasmaticus. The optic recess 
forms the inferior angle, extending down- 
wards from above and somewhat dorsal to 

the optic chiasm. 
The floor of the third ventricle is formed 


| 
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by the optic chiasm and the infundibulum. 
The optic chiasm cistern extends around 
from the front of the third ventricle to lie in- 
ferior to the optic chiasm and anterior to the 
infundibulum. The posterior aspect of the 
floor proceeding dorsally is formed by 
the tuber cinereum, the mammillary bodies, 
the posterior perforated space, the cerebral 
peduncles and the tegmentum of the mid- 
brain. Beneath the floor of the third ventri- 
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cerebral peduncles. This may measure’s to 
7 mm. in depth over the collicular plate. 
The roof of the third ventricle curves 
backwards with a slight arch, following the 
arch of the fornix. It is covered by the 
velum interpositum, a thin layer of epi- 
thelium stretched between the thalami 
from which are suspended the parasagittal 
strips of choroid plexus running the length 
of the third ventricle. The vertical measure- 


Fic. 1. 4, left lateral pneumo-encephalogram. The fourth ventricle is obscured by the overlying mastoid 
cells. B, the lateral midline laminagram sharply reveals the gas-filled fourth ventricle which is normal in 


size, shape and position. 


cle extending from behind the infundib- 
ulum to the cerebral peduncles lie the 
large cisternae interpeduncularis. The ven- 
tricular wall thickens as it passes caudad 
over the mammillary bodies, and rises 
rather sharply towards its posterior half. 
The anterior half is thin, a factor which ex- 
plains the tendency for the ventricle to 
dilate principally in that region. 

The posterior wall from below upwards 
slopes backwards and consists of the rostral 
end of the aqueduct of Sylvius,' the pos- 
terior commissure, the pineal recess and 
the pineal body and the suprapineal recess. 
The cisternae ambiens encircling the brain 
stem lies above and to either side of the 
posterior wall in close relationship with the 


ment of the third ventricle is variable, 
averaging more than 2 cm. Its width varies 
from 2 to 8 mm. The most constant meas- 
urement is from the foramen of Monro to 
the rostal end of the aqueduct of Sylvius 
in the lateral projection, averaging 2.6 cm. 

The lateral walls of the third ventricle 
are formed by the medial surfaces of the 
thalami and the hypothalamus. The cham- 
ber is usually crossed at its midportion by a 
mass of gray matter known as the massa 
intermedia. 

The aqueduct of Sylvius is a narrow mid- 
line canal connecting the third and fourth 
ventricles, about 1.5 cm. long and varying 
from 1 to 2 mm in width. Its rostral half 


courses almost horizontally, curving 


% 
LEFT 1. 
441 
A | 


678 


sharply ventrally at its midportion to as- 
sume an almost vertical position. Its roof 
is formed by the posterior commissure and 
the quadrigeminal plate, above which lies 
the cisterna ambiens. Its floor is formed by 
the tegmentum of the midbrain and the 
the subependymal gray matter peripheral 
to which the cerebral peduncles lie. 

The fourth ventricle is rhomboid in shape 
in the coronal plane and roughly shaped 
like an isosceles triangle in the lateral pro- 
jection. It is connected dorsally with the 
aqueduct of Sylvius, ventrally with the 
central canal of the medulla oblongata and 
caudally and laterally with the cisterna 
magna by the foramina of Magendie and 
Luschka respectively. The floor of the 
fourth ventricle is formed by the pons and 
the cephalic half of the medulla. Its roof is 
formed by the superior medullary velum 
rostrally and the cerebellum caudally. The 
choroid plexus of the fourth ventricle is 
attached to the ventral surface of the pos- 
terior medullary velum, and the roof is 
completed caudally by the tenia of the 
fourth ventricle and the obex. 

The lateral boundaries on each side of the 
fourth ventricle are the superior, middle 
and inferior peduncles of the cerebellum 
from befcre backwards, covered on the ven- 
tricular side by the ependymal and sub- 
ependymal gray matter, the eminentia 
cuneatus and the eminentia gracilis. 

In the posteroanterior view the lateral 
recesses of the fourth ventricle may be out- 
lined to either side of the floor, while in the 
lateral projection these may appear as 
heavier air shadows close to the floor of the 
ventricle in its midportion. In the lateral 
projection the posterior inferior wall of the 
fourth ventricle frequently presents an in- 
ward protuberance formed by the choroid 
plexus and the nodulus of the cerebellum. 
Normally the distance between the dorsum 
sellae and the floor of the fourth ventricle 
varies from 3.3 to 4.0 cm. 

The cisterna pontis lies ventral to the 
pons and usually measures from 5 to12 mm. 
in depth in the lateral projection. The body 
of the pons may be outlined between the 
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cisterna pontis and the floor of the fourth 
ventricle. Its thickness averages about 2.8 
cm. 

The cisterna magna is continuous with 
the subarachnoid space of the spinal canal. 
It extends over the dorsal aspect of the 
medullar oblongata and the tela choroideae 
inferior of the fourth ventricle, and con- 
tinues between these structures and the 
caudal and ventral portion of the vermis of 
the cerebellum, and extends laterally over 
the cerebellar hemispheres. Its depth in the 
midline averages about 2 cm. Cephalically 
and ventrally it is continuous with the 
cisterna pontis. 

Occasionally sufficient air gathers in the 
convolutional sulci of the cerebellum so 
that its dorsal aspect may be well outlined. 
The anterior lobe may be seen dorsal to and 
rising slightly above the level of the cor- 
pora quadrigemina, and the larger posterior © 
lobe forming the superoposterior and in- 
ferior aspect of the cerebellum completes 
the rather triangular configuration seen on 
the pneumo-encephalogram. 


NOTES .ON THF PATHOLOGICAL 
GENOGRAPHIC ATOMY OF 
MIDLINE STRUCTURES 


ROENT- 
THE 


The roentgenologic localization of tumors 
of the midbrain, pons, cerebellum and ad- 
jacent structures rests on the effect of these 
on the midline structures as visualized by 
means of gas. The differential diagnosis be- 
tween posterior fossa or midbrain tumors 
and inflammatory lesions occluding the 
aqueduct of Sylvius or the foramina of 
Magendie and Luschka may be very dif- 
ficult, and often depends on adequate visu- 
alization of these structures. The basic 
criteria are filling or nonfilling of the ventri- 
cles, ventricular displacement or dilatation 
and the demonstration of intraventricular 
shadows. 

Intraventricular tumors may arise from 
the ependymal linings (ependymomas), 
from the neuroglia close to the ventricles 
(gliomas) or from the choroid plexus (papil- 
lomas). Colloid cysts, which seem to occur 
only in the third ventricle, may spring from 
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the paraphysis. Meningiomas may arise 
from the tela choroideae. These may mani- 
fest themselves roentgenologically as both 
intraventricular defects and displacement 
of the ventricles. Absence of filling of the 
third ventricle with adequate visualization 
of the lateral ventricles is considered 
strongly suggestive of intrinsic disease, but 
nonfilling of the fourth ventricle is much 
more difficult to evaluate. Lateral displace- 
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when this structure is not visualized during 
pneumo-encephalography and when the lat- 
eral and third ventricles are dilated. Hy- 
drocephalic dilatation of the anterior aspect 
of the third ventricle resulting in enlarge- 
ment of the sella turcica must be borne in 
mind when the differential diagnosis of 
intrasellar tumors is considered. Inasmuch 
as the anterior wall of the third ventricle is 
thinnest, dilatation of that structure may 


Fic. 2. A, left lateral pneumo-encephalogram. The cerebral sulci are well outlined, but the cerebellar sulci 
are obscured, as is the fourth ventricle. B, the lateral midline laminagram outlines the posterosuperior 
cerebellar sulci. The fourth ventricle and aqueduct of Sylvius likewise are visualized. 


ment of the third and fourth ventricles by 
supratentorial masses such as low parietal 
or temporal lobe tumors must not be con- 
fused with infratentorial or midline masses. 
Tumors arising from neighboring struc- 
tures may invaginate into the adjacent air- 
filled structures. Among these are Rathke’s 
pouch tumors, chiasmal tumors, pinea- 
lomas, aneurysms of the circle of Willis or 
its main branches, gliomas of the basal 
ganglia and the quadrigeminal plate, su- 
prasellar or olfactory groove meningiomas. 
Adamantinomas completely blocking the 
third ventricle have been described. 
Stenosis of the aqueduct of Sylvius 
either on a congenital, inflammatory or ob- 
structive basis must also’ be considered 


cause it to balloon downwards and for- 
wards exerting pressure on the sella result- 
ing in enlargement and atrophy. 
Cerebellar tumors arising from the mid- 
line, such as hemangioblastomas, may dis- 
place the aqueduct of Sylvius anteriorly.’ 
Tumors arising from its inferior aspect may 
produce dilatation of the aqueduct as well 
as the anterior portion of the fourth ventri- 
cle, while tumors springing from its superior 
surface may result in dilatation of the 
aqueduct and compression of the fourth 
ventricle. A shift of the fourth ventricle to 
either side may aid in lateral localization. 
Intraventricular tumors may be visualized 
as such if the cavity is not obliterated. 
Pontine tumors may be diagnosed pneu- 
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mo-encephalographically by dorsal displace- 
ment of the fourth ventricle and aqueduct 
and narrowing of the cisterna pontis as the 
result of a mass within the pons. From the 
roentgenographic viewpoint the diagnosis 
rests on adequate visualization of these 
structures. 

Cerebellopontine atrophy results in an 


Bernard S. Epstein and Leo M. Davidoff 


June, 1946 


Fic. 3. 4, right lateral pneumo-encephalogram. The 
third ventricle is poorly outlined, the anterior as 
well as the posterior aspect of the chamber cannot 
be demonstrated. B, anteroposterior view reveal- 
ing shift of the lateral and the third ventricle to 
wards the right side by a left parietal tumor. C, off- 
center lateral laminagram outlines the entire third 
ventricle sharply. 


increase in the size of the neighboring cis- 
terns. When present, it may be diagnosed 
because of the dilatation of these structures 
as represented pneumo-encephalographi- 
cally. 
RESULTS 

During the past two years we have made 

laminagrams as part of our pneumo-en- 
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cephalographic examination in approxi- 
mately 100 patients. Fifteen of these had 
tumors encroaching on midline structures, 
and these constitute the chief group for 
review. As a control the last 30 cases with- 
out evidence of midline involvement were 
reviewed for purposes of comparison. The 
remaining cases were not included. 

There were 7 patients with cerebellar 
tumors, of which 5 were diagnosed micro- 
scopically as medulloblastomas, I as a 
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in a group for the purposes of this study. 
Numerical analyses were made in which 
comparison of the findings on the routine 
pneumo-encephalograms and the lamina- 
grams were reviewed. The structures we 
were particularly interested in were the 
third ventricle, the aqueduct of Sylvius, 
the fourth ventricle, the cisterna pontis and 
the cerebellum. The 7 patients with cerebel- 
lar tumors were examined by means of 
ventriculography, while the others had 


TABLE I 


Control 


S—30 cases 


Other Midline Lesions—8 cases 
Cerebellar Tumors—7 cases 


Third Aqueduct of Fourth 
Ventricle Sylvius 


Cisterna Cerebellar 
Ventricle Pontis Sulci 


Pneumo- Lami- Pneumo- Lami- Pneumo- Lami- Pneumo- Lami- Pneumo- Lami- 
encepha- nagram encepha- nagram encepha- nagram encepha- nagram encepha- nagram 


logram logram logram logram logram 
Controls 14 6 13 5 19 15 4 9 
Well 
Other midline lesions I 5 I 5 2 7 2 2 re) - ; 
visualized 
Cerebellar tumors 2 7 I 4 2 5 2 4 I 4 
Controls 21 I 13 9 14 7 18 II 9 8 
Other midline lesion 6 2 2 I 3 2 Fairly well 
‘ ‘ 4 visualized 
Cerebellar tumors 3 3 2 2 I 2 2 2 I 
Controls } 6 11 8 I! 4 5 4 17 13 
Not 
Other midline lesions I I 3 I 2 ° 3 2 6 Pe; 
visualized 
Cerebellar tumors 2 3 I 3 I 3 I 4 2 


meningioma springing from the tentorium 
above the superior lobule of the cerebellum, 
and 1 as a hemangioblastoma. There were 
2 other patients with suprasellar menin- 
giomas, 3 with Rathke’s pouch tumors, and 
1 with a dermoid tumor arising above the 
tuberculum sellae impinging into the third 
ventricle. One patient had a pontine tumor 
and another had a definite cerebellopontine 
atrophy. All these except for the patients 
with the pontine tumor and the cerebello- 
pontine atrophy were confirmed at opera- 
tion and by microscopic examination of the 
specimens. 

The above 15 patients were considered 


pneumo-encephalography by the lumbar 
route. 

The latest 30 cases without midline path- 
ologic change were studied in a similar 
manner. In this group there were I1 pa- 
tients who were examined by ventricu- 
lography. There were 12 patients with 
supratentorial tumors, and the others had 
no demonstrable lesions. For the purposes 
of this review all were considered negative 
from the viewpoint of midline or subten- 
torial disease. 

There was an additional group of 7 pa- 
tients with sphenoid bone changes and 
intracranial calcifications. Laminagrams in 
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Fic. 4. Case 1. 4, lateral ventriculogram shows dilatation of the lateral ventricles. The third ventricle and 
the upper aspect of the aqueduct of Sylvius can be outlined, while the fourth ventricle is not visible. B, 
the lateral midline laminagram portrays the third ventricle sharply. There is considerable dilatation in 
its anterior aspect, dipping towards the sella turcica. The upper aspect of the aqueduct is clearly visible. 
Narrowing of the cisterna pontis can be seen. The fourth ventricle could also be demonstrated on the origi- 
nal film, but is poorly seen here because of difficulty in reproduction. A meningioma springing from the 
inferior surface of the tentorium close to the midline was found at operation. 


this group confirmed our previous opinion 
as to the importance of the procedure and 
will not be included here. 

A review of Table 1 will demonstrate that 
although there are many cases in which no 
additional information may be derived 
from the laminagrams, nevertheless the 
visualization of the midline structures is 
almost consistently better on the lamina- 
grams than on the routine examinations. 
This is particularly true of the posterior 
aspect of the third ventricle, the aqueduct 
of Sylvius, the fourth ventricle, the cisterna 
pontis and the cerebellar sulci. Visualiza- 
tion of the length of the callosal sulcus and 
the cingulate sulcus was frequent, and oc- 
casionally the calcarine fissures were well 
portrayed. 

In an appreciable number of patients, 
particularly those with cerebellar tumors, 
we were able to visualize the third and 


fourth ventricles and the aqueduct of 


Sylvius sharply when the routine studies 
were either confusing or no filling could be 
demonstrated. The cisterna pontis was 


brought sharply in view in several patients 
with cerebellar tumors in whom the obser- 
vation was considered of great diagnostic 
value. The importance of visualizing both 
the cisterna pontis and the fourth ventricle 
is apparent in the diagnosis of cerebellar 
and pontine tumors. 

Case reports illustrating these observa- 
tions follow. 


REPORT OF CASES 


Case 1. M. L. (Hospital No. 281055), male 
aged thirty-five, had complained of intermit- 
tent headaches on both sides of his forehead for 
about one year, accompanied by nausea but no 
vomiting. When the headaches were more se- 
vere they spread over his head and the back of 
his neck. There was no blurring of vision. 

Physical examination revealed early papil- 
ledema bilaterally, with fullness of the retinal 
vessels and tortuosity of the retinal veins. His 
blood pressure was 160/104. Examination oth- 
erwise was not noteworthy. 

Routine lateral stereoroentgenograms and 
posteroanterior and anteroposterior roentgeno- 
grams of the skull revealed only slight sellar 


E 


ale 
for 
no 
se- 


of 


nal 
lis 


th- 


ind 
no- 
lar 


Vot. 55, No. 6 


atrophy suggesting the presence of increased in- 
tracranial pressure. Electro-encephalographic 
examination was reported as showing definite 
evidence of electrical abnormality affecting the 
left considerably more than the right side. The 
activity was too variable to permit any clinical 
deductions. 

Ventriculography revealed uniform dilata- 
tion of the lateral ventricles without displace- 
ment from the midline. The third ventricle 
could be incompletely outlined, while the aque- 
duct and fourth ventricle were not definitely de- 
lineated on any of the ventriculograms. A mid- 
line laminagram clearly outlined the entire 
third ventricle, the aqueduct and the fourth 
ventricle. The anterior aspect of the third ven- 
tricle was markedly dilated, projecting down 
into the sella turcica. The aqueduct was dilated 
and displaced forward, while the fourth ventri- 
cle was smaller and likewise displaced forward. 
The cisterna pontis was narrowed. A diagnosis 
of a high cerebellar tumor close to the midline 
was made. 


At operation a meningioma springing from 
the under surface of the tentorium towards the 
right side of the cerebellum was found and re- 
moved completely. 

The patient made a satisfactory recovery. 
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Case u. I. B. (Hospital No. 284552), female, 
aged twenty-eight, complained of headaches, 
anorexia and nausea which had been progres- 
sive for about seven months. The headaches be- 
gan in the occipital region and spread over the 
entire head. Blurring of vision started five 
months ago, and was more marked in the right 
eye. Diplopia had been present on two or three 
occasions in the past month. Immediately be- 
fore admission she had difficulty in walking be- 
cause of a wobbly gait. 

Physical examination revealed her gait to be 
unsteady, with a slightly widened base. There 
was bilateral papilledema, with hemorrhages 
and exudates in the right eye. Nystagmus was 
present on right lateral gaze, and there was 
weakness of the right lower facial muscles. 

Cerebrospinal fluid examination revealed the 
total proteins elevated to 262 mg. per 100 cc., 
globulin four plus. The colloidal gold curve was 
negative. The Wassermann reaction was nega- 
tive. 

Direct roentgenographic examination of the 
skull showed no bony changes. Ventriculogra- 
phy revealed a diffuse dilatation of the lateral 
ventricles without displacement. The third and 
fourth ventricles were faintly outlined and the 
cisterna pontis could not be identified. The 


Fic. 5. Case 1. 4, lateral ventriculogram shows dilatation of the lateral ventricles. The third ventricle is 
visualized, but the aqueduct of Sylvius, the fourth ventricle and the cisterna pontis are not seen. B, the 
lateral midline laminagram clearly outlines the narrowed cisterna pontis. The superior portion of the aque- 
duct is seen displaced forwards. The fourth ventricle cannot be seen. At operation a cystic tumor of the 


right cerebellar hemisphere was found. 
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overlying air shadows and the mastoid cells 
made definite identification of the midline 
structures difficult. 

The lateral midline laminagrams clearly iden- 
tified the third and fourth ventricles, the aque- 
duct of Sylvius and the cisterna pontis. The 
forward displacement of the fourth ventricle, 
and the aqueduct, and the narrowing of the 
cisterna pontis were apparent and clearly diag- 
nostic of a cerebellar tumor. 

At operation a cystic tumor of the right 
cerebellar hemisphere was found. It was the 
opinion of the surgeon that the lesion was a 
cystic astrocytoma involving principally the 
upper lobe. 

The patient made a satisfactory recovery. 


CASE H. A. (Hospital No. 280061), 
male, aged ten, was admitted 
blurred vision of two months’ duration, head- 
ache and vomiting. Examination revealed 
marked papilledema with secondary atrophy 


of the optic disks and marked diminution of 


visual acuity. Her head seemed larger than 
ordinary and a positive McEwen’s sign was 
elicited. Her reflexes were diminished through- 
out. 
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The visual fields were negative except for a 
greatly increased blind spot. Routine roent- 
genograms of the skull revealed marked spread- 
ing of the sagittal suture and increased convo- 
lutional digital markings indicative of increased 
intracranial pressure. Electro-encephalographic 
examination revealed moderate diffuse devia- 
tion from the normal electrical expectancy for 
her age but nothing indicative of localized cere- 
bral abnormality. 

Ventriculography revealed a uniform dilata- 
tion of the lateral ventricles with no displace- 
ment to either side. The third and fourth ven- 
tricles were poorly outlined, and the aqueduct 
of Sylvius could not be clearly demonstrated. 
The cisterna pontis was poorly outlined. A mid- 
line laminagram in the lateral projection clearly 
outlined the third and fourth ventricles and the 
aqueduct. The third ventricle was dilated, the 
aqueduct was dilated and displaced slightly up- 
wards. The fourth ventricle was dilated, and a 
tumor mass could be demonstrated projecting 
within the air shadow clearly diagnostic of a 
posterior fossa tumor encroaching into the 
fourth ventricle. 

suboccipital craniotomy was performed, 
and the partial removal of a fourth ventricle tu- 


Fic. 6. Case 11. 


A, \ateral ventriculogram revealing dilatation of the lateral ventricles. The third ventricle 


can be outlined, but the fourth ventricle and the aqueduct of Sylvius are obscured. B, the lateral midline 


laminagram sharply outlines the third ventricle in its entirety. 


The aqueduct of Sylvius and the fourth 


ventricle are clearly portrayed. The aqueduct is dilated and shifted forwards and upwards. The fourth 
ventricle is dilated, and a large tumor mass springing from its floor protruding upwards and backwards Is 


present. At operation a medulloblastoma was found. 
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Fic. 7. Case 1v. 4, lateral pneumo-encephalogram reveals moderate dilatation of the lateral ventricles. The 
third ventricle can be outlined, and its anterior aspect is elevated. The aqueduct of Sylvius and the fourth 
ventricle cannot be seen. The tuberculum sellae is thickened. B, lateral midline laminagram sharply out- 
lines the entire third ventricle. The aqueduct and fourth ventricle are visible. The elevation of the anterior 
aspect of the third ventricle is better visualized. The thickening of the tuberculum sellae likewise is better 
visualized. At operation a dermoid cyst springing from the vicinity of the optic chiasm was found. 


mor extending through the foramen of Magen- 
die was performed. The biopsy was reported 
as medulloblastoma. 

The patient made a satisfactory postopera- 
tive recovery, and was subsequently given deep 
roentgen therapy. She remains in fairly good 
condition at the present time, about one year 
after operation. 


Case tv. M. C. (Hospital No. 270251), fe- 
male, aged thirty-seven, noted double vision 
about six months before admission. She was 
told that she had bilateral optic atrophy and 
was hospitalized at another institution for one 
week, at which time examination and roent- 
genographic investigation were reportedly nor- 
mal. She was given malarial therapy for one 
week without improvement. There was diff- 
culty in seeing objects to either side. There had 
been occasional headaches related to a known 
sinusitis. 

Physical examination revealed bilateral optic 
atrophy and bitemporal hemianopsia. Her vis- 
ual fields were diminished in the nasal regions. 
There was middle ear deafness bilaterally, more 


marked on the right side, following mastoiditis 
eleven years previously. 

The cerebrospinal fluid proteins were 35 mg. 
per 100 cc. The Wassermann reaction and col- 
loidal gold curve were negative. 

Roentgenographic examination of her skull 
revealed an increased density of the tuber- 
culum sellae, with haziness of the anterior cli- 
noid processes due to bony thickening. 

Pneumo-encephalography after the injection 
of 95 cc. of helium outlined the lateral ventricles 
satisfactorily. The ventricular system was sym- 
metrically dilated. The third ventricle, aque- 
duct of Sylvius and the fourth ventricle were 
fairly well seen on the encephalograms. The an- 
terior portion of the third ventricle was ele- 
vated from below upwards. A lateral lamina- 
gram through the midline outlined the third 
ventricle much more clearly, and the elevation 
of its anterior inferior aspect was apparent. The 
visualization of the aqueduct and fourth ven- 
tricles was considerably better than noted on 
the pneumo-encephalograms. The thickening of 
the tuberculum sellae was sharply delineated. 

The clinical diagnosis was a midline tumor 
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Fic. 8. Case v. 4, lateral roentgenogram of the skull reveals atrophy of the dorsum sellae. The floor of the 
sella cannot be identified. B, lateral ventriculogram shows moderate dilatation of the lateral ventricles. 
A soft tissue mass protrudes into the cisternae chiasmaticus and interpeduncularis from the region of the 
dorsum sellae. The third and fourth ventricles are poorly outlined. The sella is the same as noted in 4. C, 
the lateral midline laminagram reveals the fourth ventricle in its normal position. The third ventricle is 
not seen. The disappearance of the floor of the sella turcica is strikingly portrayed, and the soft tissue tu- 
mor occupying the sphenoidal sinus is readily apparent. The anterior wall and floor of the sphenoid bone 
are intact. D, off-center laminagram outlines the entire third ventricle and the upper aspect of the aque- 
duct of Sylvius. The fourth ventricle is not seen on this laminagram. A chromophobe adenoma of the pitui- 
tary was found at operation. 
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Fic. 9. Case vi. 4, lateral encephalogram reveals dilatation of the entire ventricular system. The third and 
fourth ventricles are obscured by overlying shadows. B, lateral midline laminagram outlines the midline 
structures more clearly. Dilatation of the cisterna magna is well portrayed. 


arising in the vicinity of the optic chiasm in- 
truding into the anterior inferior aspect of the 
third ventricle. 

At operation a yellow encapsulated tumor 
was found in the region of the optic chiasm ex- 
tending to the right of the optic nerve. After 
breaking the capsule, white soft cheesy ma- 
terial could be removed in relatively large 
quantities. The tumor reached under the pons 
and appeared to vanish into the posterior fossa 
under the tentorium. The contents of the supra- 
tentorial part of the sac were removed with part 
of the capsule. The pathologic report was epi- 
dermoid cyst. 

The patient made an excellent recovery and 
has returned to her occupation as a nurse. 


Case v. L. B. (Hospital No. 285402), female, 
aged forty-three, complained of severe occipital 
headaches for twelve months. The pain radiated 
to the right temporal region. Diplopia and dif- 
ficulty in vision with the right eye appeared two 
months earlier, together with nausea and vomit- 
ing. The headaches and diplopia, which were 
quite severe for about three weeks, then sub- 
sided gradually. 

Physical examination revealed bilateral papil- 
ledema. The visual fields showed defects in the 
temporal half and nasal quadrant of the right 
field. There was diplopia on right lateral gaze, 


and weakness in abduction and elevation of the 
right eyeball. 

Routine roentgenographic examination of the 
skull revealed a marked degree of atrophy of the 
posterior clinoid processes, the dorsum sellae 
and the floor of the sella. The pineal shadow 
was not visible. 

Routine ventriculograms showed the lateral 
ventricles to be moderately dilated but not 
shifted from the midline. A soft tissue tumor 
mass protruding into the cisternae chiasmaticus 
and interpeduncularis could be demonstrated, 
extending above the sella approximately to the 
level of the posterior clinoid processes. The third 
ventricle was faintly outlined and the aqueduct 
of Sylvius and the fourth ventricle were barely 
visible. 

A central lateral laminagram and lamina- 
grams 0.5 cm. to either side of the midline re- 
vealed the third and fourth ventricles clearly 
and sharply. The elevation of the anterior 
aspect of the third ventricle was apparent, and 
destruction of the floor of the sella turcica with 
a soft tissue tumor mass protruding into the 
sphenoidal sinus was clearly delineated. 

At operation a gelatinous tumor was found in 
the region of the optic chiasm. Intrasellar as- 
piration of the tumor failed to yield fluid. The 
outer layer of the mass was coagulated and 
there was partial intracapsular removal of the 
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tumor. Microscopic examination revealed a 
chromophobe adenoma of the pituitary gland. 

The patient made a satisfactory postopera- 
tive recovery. 


Case v1.R.D. (Hospital No. 277767), female, 
aged nine, was a full term, normally delivered 
child whose development was average up to the 
age of five years, when her first convulsion oc- 
curred. The aura consisted of a feeling of stiff- 
ness in her left forearm followed by a spasm 
which flexed the left hand. There was no loss of 
consciousness, falling or pain. The convulsions 
lasted about two minutes and occurred about 
once in three months. She also complained of 
headaches localized to the right supraorbital 
ridge. 

Physical examination revealed a_ bilateral 
positive Babinski sign and slight nystagmus on 
lateral gaze. 

Routine roentgenographic examination of the 
skull was negative. Pneumo-encephalography 
revealed diffuse cerebral and cerebellar atrophy 
as evidenced by the dilatation of the entire 
ventricular system. The lateral midline lamina- 
gram portrayed the dilatation of the third and 
fourth ventricles, the aqueduct of Sylvius and 
the cisternae pontis and magna more sharply 
than the routine encephalograms. 

This was considered a non-operative condi- 
tion and the patient was discharged from the 


hospital. 


SUMMARY AND CONCLUSIONS 


The use of laminagraphy with pneumo- 
encephalography is discussed from the 
viewpoint of the diagnosis of midline and 
posterior fossa tumors, with special refer- 
ence to visualization of the third and fourth 
ventricles, the aqueduct of Sylvius, the 
cisterna pontis and the cerebellar sulci. 

The proportion of visualizations of these 
structures is increased by the addition of 
laminagraphy to the usual pneumo-enceph- 
alographic techniques. In an appreciable 
number of patients visualization was suf- 
ficiently improved so that definite diag- 
nostic conclusions could be reached which 
otherwise might be doubtful or overlooked. 
In others the midline structures could be 


Bernard S. Epstein and Leo M. Davidoff 


June, 1946 


visualized on the laminagrams and not on 
the pneumo-encephalograms. 

Laminagraphy is recommended as a 
routine procedure in pneumo-encephalog- 
raphy when visualization of the midline 
structures is necessary. 
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OPAQUE MYELOGRAPHY IN PENETRATING 
WOUNDS OF THE SPINAL CANAL* 


By LIEUTENANT COLONEL C. L. HINKEL, and CAPTAIN R. L. NICHOLS 


MEDICAL CORPS, ARMY OF THE UNITED STATES 


INTRODUCTION 
wounds of the spinal 

cord and cauda equina are common in 
this war and present certain serious prob- 
lems. Patients with such injuries are greatly 
incapacitated, require careful and_pro- 
tracted nursing care, and in spite of all sup- 
porting therapy the prognosis is unfavor- 
able. Not the least of the difficulties is the 
establishment of an accurate anatomical 
diagnosis. 

Before the present war no one had an 
opportunity to study the myelographic ap- 
pearances produced by spinal wounds. Our 
own experience in myelography was for- 
merly limited to prolapsed intervertebral 
discs and a few tumors and infections of the 
spinal cord and cauda equina. 

Our first myelogram on a paralyzed pa- 
tient was prompted by curiosity. We had 
reason to believe that the cord had been 
transected by a rifle builet. The patient 
faced a depressingly poor prognosis and we 
wished to secure some “interesting films.” 
To our gratification, however, an epidural 
abscess was found to be the true cause of 
the symptoms and after surgical drainage 
the patient regained the use of his limbs. 
Following this, the procedure became a 
valuable and dependable one in the han- 
dling of our patients. | 

Doing myelograms on patients who are 
paralyzed, incontinent and in many cases 
ill from other wounds is time consuming, 
difficult and considerably wearing for both 
the patient and the examiner. In our hos- 
pital (a neurosurgical center), however, it 
has been found so useful in localizing and 
analyzing the lesion and so dependable as a 
guide to operation or re-operation that we 
regard myelography as justifiable and 
highly desirable. It should most surely be 


done before relegating a patient to the “too 
late to do anything” category. 

When we began our myelographic studies 
on wounded soldiers our experience was 
most inadequate and we made many mis- 
takes in interpretation. Thirteen of the pa- 
tients on whom we did myelograms were 
operated upon at this hospital and we are 
therefore able to review and correlate the 
roentgen findings with the surgical findings 
in this group. One patient died and the 
postmortem findings are available. 

This presentation it is hoped will be 
found useful to roentgenologists. It is based 
upon our errors and what we have learned, 
and it is our belief that it may contribute to 
greater diagnostic accuracy in future exam- 
inations. We have purposely omitted de- 
tailed neurological and neurosurgical ma- 
terial as such will be separately reported in 
suitable form. Many patients were operated 
upon at our hospital without myelography, 
and myelograms were made on patients not 
operated upon. In the present report we 
include only the 13 cases which had both 
myelography and operation. 


PURPOSE 


It is the purpose of this paper: 

1. To stress the value and dependability 
of opaque myelography in the evaluation 
of and as a guide for the management of 
patients with penetrating wounds of the 
spinal canal. 

2. To describe and illustrate certain ab- 
normalities in the roentgen myelographic 
picture which we have found associated 
with surgically proved lesions of the cord 
and cauda equina. 

3. To offer some suggestions pertaining 
to the interpretation of myelograms in pa- 
tients of this kind. 


* From the Radiological Service, g8th (United States) General Hospital in England. 
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Fic. 1. Case 1. Example of a clear cut, sharply marginated indentation. 4, the bullet is in the muscles of the 
back. Arrows indicate multiple hair line fractures of the left lamina of L4 and left transverse process. B, 
anteroposterior view of oil showing the defect opposite the fractured lamina at the level of the disc between 
L4 and Ls. C, lateral view. Patient prone. There is no ventral indentation of the oil column. Note that the 
oil does not outline the dorsal margin of the neural canal in the prone position. 


4. To emphasize some points in myelo- 
graphic technique which may prove helpful 
to others doing work of this nature. 

Retrospective analysis of the myelo- 
grams in our series permits certain didactic 
breakdown of the deviations from normal. 
We do this in order that the analysis of 
future myelograms may be simplified. 
While each patient’s case is frequently 
unique, the major myelographic abnormali- 
ties encountered can be classified in one of 
the following categories for purposes of 
discussion. We must point out at this time 
that the following abnormalities are com- 
monly found in various combinations with 
each other, rather than in pure or uncom- 
plicated forms. 


CATEGORIES OF DEFECTS FOUND AFTER 
INJECTION OF OIL 
1. Sharply localized, clearly marginated 
indentation. 
2. Angulation. 
3. Extra-arachnoid oil. 


4. Displacement. 

5. Feathery irregular filling defects. 

6. Altered physical characteristics of the 
oil. 

7. Complete subarachnoid block. 


1. Clearly Marginated Indentation. A 
sharply marginated, localized, clearly out- 
lined indentation of the oil column, such 
as is well illustrated in Figure 1, indicates 
localized external pressure on an intact 
dura. This defect is almost identical with 
the well known defect produced by uncom- 
plicated posterior or lateral protrusion of 
the intervertebral disc, although of course 
in our cases it is not necessarily at a disc 
level. It may be dorsally, ventrally or later- 
ally located. 

This type of defect in our series has al- 
ways been found associated with fractures 
of and loose bone chips from the laminae 
(posterolateral position) or one pedicle 
(lateral defect). Hermorrhage, infection, 
and foreign bodies have not produced de- 
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fects of this type. We have not as yet seen 
such a typical defect situated anterior to 
the cord or cauda, although a shatter frac- 
ture of a vertebral body might give rise to 
a small bone fragment which would produce 
the picture by indentation of the dura from 
its ventral aspect. 

Defects of this variety carry a good 
prognosis and may be expected to disappear 
completely after removal of the bone frag- 
ment even months after the injury (see 
Diagram 1). 

This defect is most frequently found on 
the dorsal aspect of the neural canal and if 
near the midline may well be overlooked 


Diagram 1. This and the following cross sectional 
diagrams are offered to illustrate the myelographic 
abnormalities described in the text. They depict our 
conceptions of the three-dimensional anatomy dis- 
closed by myelography and operation. The dia- 
grams are of necessity combinations of fact and hy- 
pothesis. They represent reconstructions after op- 
eration and review of each case. For convenience, the 
patient is always shown in the prone position (pant- 
opaque in the ventral portion of the subarachnoid 
space) and the dura-arachnoid is represented by a 
single heavy line. 

The following abbreviations pertain to all dia- 
grams: EP.S., epidural space; D.4., dura and 
arachnoid; C.F., caudal filaments; N.R., nerve root; 
P., pantopaque; C.S.F., cerebrospinal fluid; §P.C, 
spinal cord. 


DiaGramM 1. Indentation. Fragments of bone, arising 
from fractures of the base of the spinous process 
and the left lamina, indent the dura-arachnoid and 
crowd the caudal filaments together (see Case 1, 


Fig. 1B). 


Penetrating Wounds of the Spinal Canal 


691 


unless oblique or supine projections are 
utilized. 

2. Angulation. Angulation of the column 
requires no definition. It is readily recog- 
nized following some through and through 
wounds of the dura. The defect, we believe, 


D1aGraM 2. Angulation. The right lumbar root has 
been severed and the dural tube is pulled to the 
left by epidural scar tissue, thus producing angu- 
lation of the oil column as seen in the anteropos- 
terior view (Case xi, Fig. 138). 


is the result of scarring and contraction of 
the dura and epidural soft tissues in the axis 
of the missile tract. Another factor in the 
production of the angulation is traumatic 
unilateral severence of the nerve roots and 
the dentate ligament which normally sta- 
bilize the dural tube. This is illustrated in 
Case x1. The metal fragment passed from 
left to right cutting the nerve root on the 
left and producing angulation of the oil 
column with convexity toward the right 
along the path of the missile (see Fig. 13B 
and Diagram 2). 

3. Extra-arachnoid Oil (near the lesion). 
Extra-arachnoid oil is all too frequently en- 
countered as the result of faulty technique. 
If the entire needle point is not in the sub- 
arachnoid space alone when the injection 
is made, the oil flows also into either the 
subdural or the epidural spaces and serves 
to obscure the field. Epidural oil is some- 
times mistaken for subarachnoid oil even 
by careful roentgenoscopists, although the 
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No. 


1 


vill 


Level 
of 
Lesion 
L4, Ls 
Lz, La 

Ls 
L2 
L3 
L3 
T2 
T1, T2 


Wound 


Projectile 
Entry 


Rifle bul- Left flank 
let 


Rifle bul- Rt. buttock 
let 


High ex- Rt. chest 
plosive and rt. low 
fragments back 
High ex- Rt. loin 
plosive back and 
chest 
Rifle bul- Rt. loin 
let 
High ex- Face, 
plosive chest, arm 
and back 
Rifle Lower left 
ant. neck 
High ex- Lower left 
plosive neck 
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CONDENSED CASE REPORTS 


Interval Inter- 
Wound val In- 
Wound to First First Operation jury to 
Exit Operation (Forward Area) Myelo- 
(Forward gram 
Area) (days) 
° Sameday Repair bowel perfo 4! 
rations. Control in- 
tra-abdomen and ret- 
roperitonea! hemor- 
rhage 
° 43 days 40 
Sameday Debridement and 
laminectomy lumbar 
region. Described 
partial section of 
cauda at Ls 
1 day 2X2 X6cm. metallic 29 
foreign body 
moved from inside 
dura at L2. Several 
caudal roots found 
cut 
L.. lum 1 day Suture liver, duode- 5 
bar num, rt. ureter and 
colon 
1 day Colostomy, debride- 77 
ment, enucleation of 
eye (no laminec- 
tomy) 
Rt. 20 days None: see surgical 18 
back findings, this Hospi- 
near tal 
T3 
sdays Attempt at laminec- 49 


tomy abandoned as 
patient stopped 
breathing 


Neurological Findings 
at Time of Mvelogram 


Paralysis left lower ex- 
tremity. Hyperesthesia and 
hypalgesia ant. left leg 


Weakness left lower 


ex- 
tremity. Atrophy leg mus 
cles. Reflexes diminished 


left. Bladder urgency and 
rectal sphincter relaxed 


Bilateral foot drop. Poste- 
rior tibial 
phied. Rt. quadriceps par- 
alyzed. Bilateral loss knee 
and ankle jerks. Bilateral 
sciatic nerve anesthesia 


groups atro- 


Complete motor and sen 
sory loss below L1 bilater 
ally. Cystostomy 


Left foot drop. Atrophy 
left thigh and !eg. Focal 
weakness rt. leg and foot. 
Reflexes absent both !egs. 
Anesthesia in segments S2, 
3, 4 It. anesthesia L2 


Rt. paresis quadriceps 
group, absent K. J. Hyper- 
esthesia L3 dermatome 


Loss of sensation and mo 
tion below neck from on- 
set. Partial recovery in 
arms in last week before 
operation 


Complete paralysis and 
loss of sensation below T1 
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Plain Roentgenograms, 
this Hospital, Time 
of Myelogram 


Bullet in back muscles | 
Fracture trans. process | 
Fractures (hair line) \4 
lamina L4 


Builet in center of new 
canal at L. Shatter fractd 
right lamina and pedick 


Fractures trans, pr 
esses L2, 3, 4 on right 


L4 badly shattered. Le 
inectomized L2, 4 and 
Missile tract through la 
inae, pedicles and new 
canal at L4 


L2. Fr 

both pedicles 
L2. Fracture rt. 1 
rib and rt. trans. proc. L 


Laminectomy 
tures 
body 


Fracture left trans. pq 
L3; fracture left pedicle 


L3? 


Metallic foreign body 
x14 X7 mm. in vertel 
body at level of disc Ly! 
This protrudes into then 
ral canal at rt. ventral 
pect 


Shatter and _penetraty 
fractures laminae and‘ 
nous process T2. Fratt 
body T2? 


II mm. metallic for 
body behind and to righ! 
neural canal at disc } 


T1-T2 


( ase 
| 
edie 
| | 
| 
| 4 
| 
| 
| 


1Ograms, 
, Time 
ram 


nuscles | 
process | 
line) 


of 
ter fractal 
1 pedicle 
rans, pr 
right 


red. La 
4 and 
rough la 
ind new 


rans. 
pedicle 


1 body 
1 verte 
lise Ly! 
ito then4 
ventral 


penetrat 
ie and 
». Fract 


lic fore 
| to right 
disc 
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Hydro- 
dynamic 
Study 


Normal 


Complete 
bloc k 


Normal 


Pressure 
Complete 
bloc k 


Complete 
block 


Norm ul 


Normal 


Norma 


Normal 


Spinal Fluid 
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Myelographic 
Summary 


Clear; 6 lympho- Clearly marginated in 


cytes; 99 mg. per I 
cc. protein 


Zanthrochromic. 
110; 
lymphocytes; 


Pressure 18 
pelli- 
cle; protein 649 mg. 
per 100 cc. Globulin 
2+. Oil and cerebro- 
spinal fluid mixture 
opalescent 


Clear. Cells —I. 
Protein 40 mg. per 
100 cc. 

Yellow, clotted at 


once, only 3 cc. ob- 
tainable 


Yellow, clotted 


Clear; 1 
cyte, protein 7 


ly mpho- 
} meg. 
per i ce. 


Clear; no cells; pro- 
tein 114 mg. per I 


cc. 


Clear; 7 
cytes; protein 25 mg. 


lympho 


per I ce, 


Clear; pellicle 
formed; protein 32 
mg. per 100 cc. 


dentation 


lett at 
Dorsal surface 


Complete block at Li 


Complete block from 
to Ls for distance 


7.4 cm. 


Block caudad to site of 
previous laminectomy 


Clear cut defect antero- 
lateral margin on the 
It. at L3 oil in droplets 


Column constricted and 
indented adjacent to 
Slight 
“feathering” of local- 
ized arachnoiditis 


foreign body. 


Clear cut indentation 


on right T2 and T3 


Subarachnoid 
obliterated on right T1 
and T2. Oil puddle ex- 
tra-arachnoid at T2 
and T3. Droplet for- 
mation 


spac e 


continued 


Surgical Findings (Abbreviated) 
this Hospital 


Dura compressed and indented 
by bone fragments of fractured 
left lamina L4 


Dura torn on rt. at L2. Dura 
thickened. Conus stopped at T12. 
Adhesive arachnoiditis of fila- 
ments of cauda. Complete block 
at Lt. Filaments separated to find 
and remove bullet 


Very marked scarring, epidural 
space. No continuity of dura 
found. Fliaments of cauda im- 
bedded solidly in cicatrix. No 
cerebrospinal fluid present below 
scarring at L4 


Large epidural abscess at L2 and 
L3. 
L2 


containing woolen clothing 


On the It. at L3 the dura was blue 
and adherent to the cauda. Be- 
neath dura was organizing blood 
clot and tissue reaction producing 
localized adhesive pia-arachnoidi- 
tis 


Foreign body in body lower mar- 
gin L3; 3rd lumbar root com- 
pressed, dura indented. Foreign 
body removed. Bits of clothing 
about foreign body. No gross ab- 
scess. Dura not opened 


Body T2 comminuted and bone 
fragments impressed and de- 
pressed dura at T2 on right. Dura 
not opened appeared normal after 
removal of bone fragments 


Dura perforated and scarred. 
Dense cicatrix dura to cord on the 
right. Spinal medulla soft and ne- 
crotic T1 and T2. Diag.: Transec- 
tion of cord 


Paraspinal abscess to right of 


Length 

of Post- 
operative 

Follow 


Up 


4 wk. 


1 wk. 


4 wk. 


14 wk, 


4 da. 


Result, Early Follow Up 


Walking. Still has foot drop 
(left) and small area of hyper- 
esthesia left ankle 


Complete recovery. Compli- 
cation: small pulmonary in- 
farct 4 days postop. Ligation 
left femoral vein 


No improvement except for 
return of sensation as far 
down as mid calves 


Developed renal hemorrhage 
(bullet tract traversed rt. kid- 
ney) and perirenal abscess; 3 
days postoperative partial re- 
covery of sensation of limbs; 2 
months postop.: letter from 
patient states that he “can use 
his legs.”” No adequate follow 
up 


Thigh muscles strong. Leg 
muscles all functioning but 
weak. Left toe drop still pres- 
ent 


Regained strength in involved 
muscle groups. Sensation nor- 
mal except for small area hy- 
peresthesia rt. lateral thigh. 
Decubitus healed 


Moved legs 3rd postoperative 
day. Moved both arms at 1 
week. No pain. Transferred 
early for administrative rea- 
sons 


Died 4th postoperative day. 
Repeated massive collapse of 
lung. Extensive necrosis of 
thoracic cord, fracture of ver- 
tebral body T1; dura perfo- 
rated and granulating 
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Interval Inter- 
—— Wound val In- Plain R 
Wound Wound to First First Operation juryto Neurological Findings thi Tie evel 
No, of Feagectite Entry Exit Operation (Forward Area) Myelo- at Time of Myelogram this Hospital, Time § 
Lesion a of Myelogram 
(Forward gram 
Area) (days) 
1x T6,T7 High ex- Several ° 22 days None; see surgical 21 Complete paralysis below Penetrating and _ shatj Ls 
plosive wounds findings, this Hospi- T8. Anesthesia below Ts. fractures rt. lamina 
back tal Incontinence. Decubitus spinous process T7 q 
ulcer T8. Metallic foreign be 
10 X§ mm. anterolateral 
neural canal at T8 
= ks Rifle Left lower 1 day Removed bullet from 7  Flaccid paraplegia and Fractures both laminaeag , 
chest right paraspinal soft sensory level below Tro. spinous process of L1 
tissues. No laminec- No sacral sparing. Urinary 
tomy retention 
xt Ti2 High ex- Rt. shoul- ° 1 day Laminectomy T8,9, 19 Causalgic pain rt. leg. Laminectomy T8 to Tif 1, 
plosive der 10, If (1 segment Weakness rt. thigh, leg Fracture posterior may 
through cephalad to foreign and foot. Deep reflexes ab- of body of T12 and rt.j 
rt. chest body) sent. Hyperesthesia rt. be- artic. facet of Tit on; 
low L1 with relative sacral also laminae T11. Metal 
sparing foreign body remains Tr: 
xtt 1.4,Ls5 High ex- Above rt. o Same day Removal foreign 20 Atrophy and paresis rt. Posterior elements L4 L3 
plosive 28 iliac crest body. Local laminec- thigh and leg and rotators mented and some missing — 
X15 X10 tomy and removal of of thigh. Hypalgesia rt. At least one bone frag 
mm. frag- bone fragments foot and lower leg. Rt. leg in neural canal at level 
ment reflexes absent L4-5 disc 
Li, L2 High ex- Low back 1 day Debridement; re- 17  Paralysisrt.lowerextrem- 16X10 X10 mm. metal 
plosive 16 moved spine of L2; ity. Weak extension left foreign body in left poste 
X10 X10 no laminectomy knee. Deep reflexes absent lateral quadrant of body: 
mm. frag- below waist bilaterally. L2. Fracture rt. inf. art 
ment Hyperesthesia and hypal- process of L2. Spinous pro 


differentiation should always be made (see 
Technique). 

The myelographic finding to which we 
refer here is different from the artefactual 
one resulting from faulty injection. Here 
oil is placed in the subarachnoid space in 
the low lumbar region and runs freely in 
this space up to the level of the lesion. The 
oil then appears outside the expected limits 
of the subarachnoid space. The obvious 
explanation is that the oil runs out of the 
thecal space through a hole or tear in the 
arachnoid. In practice, when the arachnoid 
is torn the dura is always torn and the oil 
is able to reach an extradural situation. In 


gesia rt. thigh, leg and foot 


ess of L2 is missing 


our cases the escaping oil has never flowed 
freely into any other space but has only 
outlined a blind pocket of some sort. The 
myelographic appearance is essentially that 
of an extra-arachnoid “puddle,” an oil- 
filled diverticulum or a short sinus, the long 
axis of which is parallel with that of the 
neural canal (Fig. 2D and 9B). 

The meninges are notably rapid in pro- 
liferation and healing by gliosis. (Surgically 
produced rents in the dura quickly close 
over and seal in the spinal fluid.) Traumatic 
tears presumably heal by gliosis and granu- 
lation tissue provided by the cells in the 
epidural space. The “puddles” of oil are 


= 
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Length 
», 
evel Spinal Fluid Myelographic Surgical Findings (Abbreviated) Post- 
of dynamic Spinal Fluic | Seat 2 this Hospital operative esult, Early Follow Uy 
ram KKeedle Study ) Follow 
Up 
id shaty Ls Normal Clear; 2 !ympho- External compression Fractures confirmed. Lamina of 2 wk. 3eginning paresthesias both 
mina a cytes; proteinjomg. at T7 on right. Oil T7 was depressed severely. Dura legs. Weak muscle contrac- 
| 17 yl per 100 cc. “puddle” dorsal sur- and cord normal at Tg and Io. tions both thighs 
reign bo face at T6 Dura not opened at T7. Compres- 
rolatera sion by lamina removed 
Sluggish at Amber; 9 lympho- Swollen conus T12 and Laminae comminuted and adher- 44 wk. Slow improvement; 3 weeks 
f Lr 20 mm. cytes; protein go mg. I.1. Dorsal compres- ent to dura. Dura ischemic, edem- postoperative had faint vol- 
Normal at per 100 cc.; oil set- sion of neural canal atous and not pulsating. When untary contractions of quadri- 
40 mm. tled slowly in spinal at L dura opened the cord bulged and ceps and biceps femoris, bilat- 
fluid was edematous and contused. erally. Letter states he “uses 
Dura not closed his legs.” No adequate follow 
up 
} to TH 1, Sluggish Xanthochromic; Slight dorsal displace- Bone chip at T12 was indenting 4 wk. Sensation normal. Able to 
r mary rise at 20 cells 0; protein 30.4 mentof ventral margin dura ventral aspect. This and me- walk, hop, jump and step over 
ind rt. iq and 40mm. mg. per 100 cc. at Tit. Indentation tallic foreign body removed. No 24 inch obstacles 
“IT ong Norma! rise from rt. side at level of abscess. Some old hemorrhage 
- Metal at 60 mm. foreign body which is found anterior to dura at T11 
ains Ti: extradural 
s L; Normal Cloudy; cells 0; pro- Indentation from rt. Large epidural abscess.4andLs5 Rt. quadriceps, adductors, 
e missing tein 140 mg. per 100 posterolateral aspect about several loose bone frag- abductors and hamstrings im- 
- fragm ce. L4 and Ls. Narrow ir- ments (largest 1 X2 cm.). Dura proved considerably. Pain in 
it level regular column L4 and _ not opened, but appeared pulse- rt. leg and foot. Hyperesthesia 
5 showing tortuosity less and contused especially at L4 disappeared 
and compression from 
dorsum 
metal Ls Slow re- Slightly yellow; 22 Angulation of column Abscess (epidural and in the ver- 1 wk. Sensation normal except L1 
t posten sponses at white cells, 86 per toward the left at L2. tebral body) found about foreign dermatome. Moves right toes. 
f body 20, 40 and cent polys, 14 per Posterior displacement body; also bits of clothing. Dura Controls bowels and bladder. 
inf, art 60 mm. cent lymphs; protein of the column at L2, 3 not opened. The entire dural tube Norma! muscle function left 
Pro mercury 120 mg. per loocc. and 4 was displaced by an extradural side 
g hematoma from L2 to L4. Rt. 1st 


lumbar root was found destroyed 


attributed to the remaining defects from 
healing tears of the meninges. When the oil 
discloses a diverticulum-like contour one 
may liken it to a localized traumatic 
myelocele into the epidural space (see 
Diagram 3). Theoretically if one were to 
do a myelogram on a patient very soon 
after the tearing of the dura and arachnoid, 
one would expect to find the oil flowing 
freely into the subdural and epidural 
spaces. We have never done a myelogram 
earlier than seventeen days following the 
injury at which time healing of the me- 
ninges is presumably far advanced and the 
oil merely settles into the pockets described 


above. In only 1 operated case has panto- 
paque been placed in the subarachnoid 
space and recovered from the epidural 
space. 

Case vu had the oil injected in the 
lumbar region and showed extra-arachnoid 
puddling in the high thoracic region on 
myelography. Operation and necropsy con- 
firmed the presence of perforation of the 
dura and transection of the cord. There was 
granulation about the hole in the dura and 
arachnoid but oil was found in the epidural 
space showing communication between the 
subarachnoid and epidural spaces forty- 
nine days after the penetrating wound. In 
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this case the healing was evidently over- 
shadowed by the necrosis (Fig. 8D). 

4. Displacement of the Column of Oil. Dis- 
placement of the oil column is occasionally 
encountered. The arachnoid contents may 
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D1acraM 3. Extra-arachnoid oil. The tear (T) in the 
dura-arachnoid is not sealed and the oil and the 
cerebrospinal fluid fill a walled-off pocket in the 
epidural space (see Fig. 2D and 9B). 


be displaced either ventrally or dorsally for 
several millimeters by anything (usually 
semifluid) which fills the subdural or epi- 
dural spaces in a “layered” manner. This 
abnormality may be overlooked, as in pure 
displacement there is no angulation, block 
or irregularity of the margins of the oil 
column. The oil column is merely found to 
be farther from the bony wall of the neural 
canal than normal. An analogous finding 
in another part of the body is the familiar 
anterior displacement of the airway in 
retropharyngeal abscess. 

Normally as seen with the horizontal ray 
in the prone position the oil is not more 
than 2 mm. from the posterior margins of 
the vertebral bodies which comprise the 
anterior wall of the neural canal. The pos- 
terior wall can be seen only with the patient 
supine. 

Anterior or posterior displacement of the 
cord or cauda has been found in our series 
only in the presence of blood or blood clot 
between the dura and the bony neural 
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canal. It has not occurred in fracture or 
meningeal tear. Lateral displacement with- 
out angulation has not been found. This is 
attributed to the side-to-side fixation of the 
cord by the nerve roots with their dural 
coverings, the dentate ligaments and other 
(unnamed) delicate connective _ tissue 
strands between the dura and the walls of 
the neural canal. Anatomically there are 
no structures holding the dural tube to the 
posterior wall of the neural canal. Anteri- 
orly fibrinous prolongations of the dura 
fasten it more or less securely to the longi- 
tudinal ligament. 

This finding is illustrated in Figure 13C. 
Here the myelographic appearance induced 
the surgeon to explore anterior to the dura 
and to go more caudad than he would 
otherwise have done. The displacement was 
caused by a large organizing hematoma just 
anterior to the dura (Diagrams 4 and 6). 

5. Feathery Irregular Filling Defects (lo- 
calized partial obliteration of the subarach- 
noid space). Frequently, due to localized 
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DiaGRaMm 4. Displacement. Here a large extradural 
hematoma (HEM) lying ventral to the cauda 
equina produces dorsal displacement and compres- 
sion (see Fig. 13C). 


obliteration of the subarachnoid space, the 
oil is prevented from distributing itself 
evenly or completely about the spinal cord 
or the fibers of the cauda equina. This un- 
even spread of the oil produces very strik- 
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ing abnormalities in the myelographic pic- 
ture. These are occasionally mistaken for 
evidences of extrinsic pressure. 


The myelographic appearance is that of 


single or multiple irregular “feathery” 
filling defects within the oil column. The 
filling defects are ovoid, sausage shaped or 
branched, but their margins are “feathery” 
rather than clear cut, and the oil dispersed 
between them produces a pattern not con- 
forming to any anatomical structures. The 
long axes of the defects, as well as the 
fimbriated oil strands between them, are 
parallel to or (in the lumbar region) slightly 
oblique to the long axis of the spinal cord. 

When such an oil-deficient area is present 
near the dural surface or involving the dura, 
it can be seen in profile on appropriate 
oblique projection. The profile view is 
somewhat similar to that seen in broad 
based polyps in the gastrointestinal tract. 
The angle between the defect and the al- 
most straight border of the subarachnoid 
oil column is acute (as contrasted with‘ the 
externally produced pressure defects de- 
scribed above). 

Discussion. Normally the spinal fluid 
completely surrounds the cord in the cervi- 
cal and thoracic regions (Diagram 7) and 
fills the interfilamentous spaces between 
and among the fibers of the cauda equina in 
the lumbar region. When for any reason the 
pia and arachnoid become adherent, or the 
caudal filaments become agglutinated, then 
the cerebrospinal fluid (and likewise the 
opaque oil) cannot penetrate into these 
spaces. This produces the above described 
peculiar filling defects within or at the mar- 
gins of the oil column. 

At surgery one finds the so-called “‘pia- 
arachnoiditis” either hemorrhagic (more or 
less acute) or adhesive (chronic). In either 
case the arachnoid is found bound to the 
underlying pia of the cord or covering the 
caudal filaments. In the lumbar region, 
where this myelographic appearance is 
most frequently seen, the individual fila- 
ments are found agglutinated together by 
delicate adhesive strands. These are readily 
separated by “combing” or blunt separa- 
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tion but are strong enough to prevent the 
oil and spinal fluid from flowing between 
the filaments (Diagram 5). 

One must point out that this obliterating 
local lesion is basically the same as that 
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Diacram 5. Feathery irregular filling defects. The 
group of three caudal filaments (3X) is bound 
lightly together by adhesions of the pia and no oil 
flows between them (small filling defect). A larger 
group (7X) consists of seven filaments agglutinated 
to each other and the dura-arachnoid. This pro- 
duces a large irregular filling defect similar to that 
in Figure 5D. 


found in complete block except for the 
element of degree. The lesion in our cases 
has been associated with direct or trans- 
mitted trauma, intrathecal hemorrhage, 
local non-suppurative arachnoiditis and the 
scarring resulting from same. 

Illustrative myelograms are shown in 
Figures 2C, 2D, 5D and 6C. 

6. Altered Physical Characteristics of the 
Oil. Pantopaque is an excellent contrast 
medium for myelography. One of its many 
advantages over lipiodol is its cohesiveness. 
When pantopaque fails to remain in a 
column or disperses into fine droplets, we 
have found it to be associated with altera- 
tions in the cerebrospinal fluid. 

Abnormal behavior of the oil in myelog- 

raphy has been found in nearly all cases 
showing high cerebrospinal fluid protein. It 
was noted in 2 cases showing xantho- 
chromia. 
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After withdrawal of the oil (Case 11) we 
noted on gross inspection that the oil was 
opalescent due to fine droplet formation 
and apparent emulsification. In another 
case (x) the oil was slow in settling out to 
the bottom of the syringe. 

We could not do extensive chemical de- 
terminations and have no accurate expla- 
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DiaGram 6. Almost complete subarachnoid block pro- 
duced by extradural pressure. This is drawn from 
an epidural abscess (Case xu, Fig. 12, 4, B and 
C). The dura is compressed, the caudal filaments 
are crowded together, and oil (P) flows only 
where there is space for it. There was a previous 
laminectomy. The abscess is shaded (4B). 


nation of the phenomenon, but one may 
state that roentgen or gross observation of 
altered physical properties of the panto- 
paque in myelography is presumptive evi- 
dence of abnormal spinal fluid. 

7. Complete Subarachnoid Block. Com- 
plete subarachnoid block can be diagnosed 
by lumbar puncture along if the needle can 
be placed in the subarachnoid space below 
the lesion (see Technique). 

Block can be diagnosed at any level by 
opaque myelography no matter where the 
needle is placed. We have introduced oil 
below, above and in 2 cases both below and 
above the block (Fig. 3, C and D). 

Anatomically, subarachnoid block is ob- 
literation of the subarachnoid space sur- 
rounding the cord or filaments of the cauda 
equina. It may be produced by (a) extrinsic 
pressure; (4) intrinsic pressure; (c) active 
inflammatory process; or (d) scarring as the 
result of very extensive destruction of nerve 
tissue. 
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The myelographic appearance is variable. 
The oil column may taper to a point before 
stopping or it may terminate in a ragged 
oblique or transverse manner. 

In our series complete block to the oil 
column has been found in: 

1. Epidural Abscess (Case 1v): This is 
illustrated in Figure 4, 4 and B. The epi- 


CERVICAL OR THORACIC 
BODY 


DiaGram 7. Cervical and thoracic regions. This dia 
gram is included to emphasize the subarachnoid 
anatomy about the cord and its effect upon the 
opaque myelogram. Here the subarachnoid space 
is shallow and readily obliterated. Even slight in- 
dentation of a lamina may produce a large filling 
defect or block on one side. Note that only a thin 
layer of oil (P) surrounds the spinal cord and that 
in this position the dorsal surfaces of the cord are 
free of oil. 


dural abscess communicated with a para- 
spinous and perirenal abscess. The dura at 
operation appeared intact and was not 
opened. The patient made a partial re- 
covery following drainage of the abscess. A 
similar abscess produced incomplete block 
in Case x11 (see Fig. 12, 4, B, and C and 
Diagram 6). 

2. Internal Pressure (Case 11): This is il- 
ustrated in Figure 2. This patient had a 
bullet lying in the neural canal like a cork 
in a bottle preventing the flow of cerebro- 
spinal fluid and of the opaque oil. At opera- 
tion the caudal filaments had to be combed 
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Kic. 2. Case u. Complete block of the internal variety. 4 and B show the rifle bullet lying within the neural 
canal. The only fractures to be seen are in the right lamina of L2 and the right transverse processes of L2, 
3 and 4. C, lateral prone with head down 45 degrees. The oil fails to pass the bullet and several caudal fila- 
ments are adhered producing linear and branched filling defects. D, anteroposterior view with head down. 
The block results from two factors: (1) the mechanical plugging effect of the bullet, and (2) adhesive pia- 
arachnoiditis of the caudal filaments. Note the strand-like negative shadows in the oil column. This oil was 
not in the epidural space as its appearance suggests. Note irregularity of left border, the side of symptoms. 


apart before the bullet was recovered. The 
dural tear through which the bullet entered 
was found at L2. The bullet lodged at L1. 
The conus medullaris which was at T12 ap- 
peared normal. ‘the patient made a com- 
plete recovery. 

3. Transection and Obliteration of the 
cord or cauda (Cases 111 and vi): An ex- 
ample of this is seen in Figure 34. Here the 
missile tract is clearly seen to go through 
the neural canal from side to side. The oil 
block extends well above and below the site 
of damage to the cauda equina. Operation 
disclosed no recognizable thecal or nerve 
tissue in this region. There was universal 
replacement by scar tissue below L3. In 
such a case one cannot anticipate improve- 
ment. 

A complete myelographic study is one 
which outlines the subarachnoid space 
above, below, and at the level of the lesion. 
Prone, supine and oblique views should 
enable the examiner to construct a three 
dimensional picture of the gross patho- 
logical lesion. This is, however, impossible 
in the presence of complete block. 


The obliteration of the subarachnoid 
space usually extends over a larger area 
than is occupied by the actual lesion and 
prevents the oil from reaching and outlin- 
ing the underlying pathological process. 
Thus one can usually diagnose only the 
existence and level of the block and cannot 
demonstrate the underlying lesion. An ac- 
curate estimate can be made concerning 
the extent of the subarachnoid obliteration 
by introducing oil below and above the 
suspected level and attempting to cause the 
columns to flow together (Fig. 3, C and D). 


INDICATIONS FOR MYELOGRAPHY 

We believe that, ideally, every patient 
exhibiting neurological signs following a 
wound involving or suspected of involving 
the neural canal should have a myelogram. 
This concept must of course be modified to 
conform to practical considerations; for in- 
stance, it is obviously impractical in the 
preoperative handling of freshly wounded 
patients in the forward areas. Here im- 
mediate surgical decompression of the cord 
is considered preferable to delay for any 
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Fic. 3. Case 11. Severe destruction of the cauda equina and complete subarachnoid block. 4 and B show the 
marked shatter and scatter effects of the shell fragment which passed directly through the neural canal from 
right to left at L4. C, oil has been injected above and below the subarachnoid block. Only 3 cc. of spinal 
fluid could be obtained from the lower needle. Although the cauda was destroyed only at L4 the subarach- 
noid space is sealed off as high as the upper margin of L3. At operation this was all dense cicatrix. D, lateral 


view showing oil above and below the block. 


reason. If it were possible to do myelograms 
without delaying surgery, we should advise 
them in this group also. 


Fic. 4. Case 1v. Complete subarachnoid block due to 
epidural abxcess. 4 and B, patient prone in head 
down position. This large abscess was discovered 
twenty-eight days following previous laminec- 
tomy and removal of a shell fragment at L2. The 
oil reveals only the level of block and does not 
outline the abscess also present at L2. 


Subacute Group. lf there has already been 
a delay of two days to several weeks for any 
reason, however, we believe the further de- 
lay necessary to do a myelogram is justified. 
In this group there are certain very definite 
reasons for myelography: 

1. One can differentiate between surgical 
and non-surgical lesions of the cord or 
cauda (Case x, Fig. 10). 

2. Opaque foreign bodies and bone frag- 
ments can be localized with respect to the 
thecal canal (Cases vi and x1). 

3. Any lesion can be accurately localized 
and marked for the neurosurgeon. 

4. The cephalad or caudad extent of a 
lesion can best be determined by this 
means, thus indicating how many laminae 
to remove (Case x11). 

5. The ventral portion of the thecal 
space can be examined and one can advise 
the neurosurgeon as to the advisability of 
exploring anterior to the cord or dura. 

Chronic Group. We believe that in this 
group exhibiting neurological a’ iormalities 
weeks or months after injury or operation 
all should have myelograms for the follow- 
ing reasons: 

1. In those never operated upon one may 
demonstrate a clear cut operable lesion. In 
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Fic. 5. Case v. Sharply marginated indentation and localized pia-arachnoiditis. 4, the sharp indentation is 
at the level of the left pedicle fracture. The oil is in fine droplets. B, supine lateral view shows fine serrations 
of the dorsal margin of the oil column and two indentations at the level of L3. C, prone lateral view exag- 
gerates the large defect in the ventral margin of the oil column at L3. D, prone oblique shows typical 
“feathery” filling defects of pia-arachnoiditis. In this case there was agglutination of the caudal filaments 
and a group of filaments were bound by adhesions to the dura-arachnoid at L3. 


our cases, operation has been surprisingly nectomized but who have failed to recover: 
effective as late as three months after in- (a) Abscess may have developed since the 
jury. first operation (Cases Iv and x11). (4) Bone 

2. There are several reasons for doing fragments, hematoma, or foreign bodies in 
myelograms on patients previously lami- the neural canal may have been overlooked, 


Fic. 6. Case vi. Shell fragment and clothing very near thecal canal. 4 and B, from these roentgenograms the 
cauda was expected to be severely injured. C, prone anteroposterior view. The oil column is constricted and 
“feathery” near the shell fragment but the latter is extra-arachnoid in position. D, prone oblique view shows 
the defect to be anterolateral. E, supine anteroposterior view shows no deformity of the column. In this 
position the oil is in contact only with the dorsal wall of the neural canal. 
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Fic. 7. Case vii. Narrowing of oil column in upper 
thoracic region. A rifle bullet passed through from 
front to back. 4, prone anteroposterior view. Oil 
flows freely on the left but there is a clear cut in- 
dentation on the right at T2 and T3. B, prone 
oblique view demonstrates well the smooth con- 
tour of the compressed area. At operation the in- 
tact dura was impressed and depressed by bone 
fragments on the right. 


(c) The operation may have been at the 
wrong level or an insufficient number of 
laminae may have been removed (Cases 
vu and x1). (d) Certain operative records 
become lost or destroyed. In such cases 
myelography may reveal information con- 
cerning the previous operation and present 
status. 

3. Before final disposition is made, 
myelography offers a possible means of 
studying the intradural anatomy, apprais- 
ing the end-results of operations and estab- 
lishing the prognosis (Case 111). 
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CONTRAINDICATIONS TO MYELOGRAPHY 


There are no contraindications in pa- 
tients capable of undergoing operation. Un- 
conscious patients are not suitable subjects. 
The needle should not be passed through 
bed sores. Patients with respiratory diffcul- 
ties resulting from hemothorax, pulmonary 
edema or collapse of one or more lobes 
should of course have primary treatment 
directed to the thorax. 


TECHNIQUE 


The routine myelographic technique, or- 
dinarily judged adequate for the diagnosis 
of herniated nucleus polposus and of cord 
tumor, must be extended to meet the prob- 
lems presented by the wounded patient 
with a cord injury. Even though sensory 
loss precludes pain at spinal puncture, pre- 
medication is used. It is also found that 
preliminary explanation of the procedure 
to the patient makes him much less appre- 
hensive. 

Preliminary examination of plain roent- 
genograms of the spine usually directs at- 
tention to one level of injury and frequently 
gives valuable information as to the exact 
direction and level for spinal puncture. 

Spinal tap is usually done with the pa- 
tient on his side. When complete paralysis 
of the legs is encountered, it will be found 
that anteroposterior molded plaster splints 
extending above the knees makes the pro- 
cedure easier for both the patient and 
operator. Whenever possible, the level of 
punctures should be two or more segments 
below the suspected site of abnormality or 
of previous laminectomy. 

Fractional Queckenstedt Test. \n all cases 
where spinal puncture is possible below the 
site of injury, a fractional Queckenstedt 
test should be done as a routine part of the 
procedure. The spinal fluid pressure is 
checked with the patient completely re- 
laxed. The position of the needle tip in the 
subarachnoid canal must be confirmed by 
observing the rapid pressure rise and fall 
which results on coughing and straining. 


_ 
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Fic. 8. Case vit. Transection and necrosis of spinal cord. Fatal outcome. /, fracture of body of T1, poorly 
seen. Note pulmonary atelectasis. The foreign body is slightly posterior to the neural canal. B, prone an- 
teroposterior view. Roentgenoscopically the oil passed cephalad to the foreign body only on the left. The 
subarachnoid space is obliterated on the right. The oil collection at X is outside of the subarachnoid space 
and presumably outside of the dura. It did not move with changes in position. C, prone lateral view 
(through the shoulders). The oil at X is dorsal to the main subarachnoid column. D, ventral dural surface 
of spinal cord removed at necropsy. The black area (at arrow) is the hemorrhagic necrotic granulating site 
of perforation by the missile. The cord was adherent to the dura-arachnoid and completely necrotic. 


iG. 9. Case 1x. Compression by bone fragments. 4 shows fractures of the laminae of T7 and 8. The metal 
fragments are outside the neural canal. B, supine left posterior oblique view shows an oil “puddle” at T5 
and 6 and narrowing of the column at T7 and 8. C, supine lateral view. The oil column is indented from the 
dorsal aspect at T7 and 8. Oil remains in the “puddle” (at arrow). The laminae of Ts and 6 were not re- 
moved in search for suspected dural tear, but the narrowing was produced by depressed small bone frag- 
ments, 
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Pressures of 20, 40 and 60 mm. of mercury 
are applied to the cervical veins by means 
of a blood pressure cuff wrapped about the 
neck. The pressure is maintained for 
twenty seconds, while manometer readings 
are taken and graphed at five second inter- 
vals. When normal hydrodynamics are 
present there will be a prompt pressure rise 
during the cervical compression, there be- 
ing a greater rise with the greater compres- 
sion. A prompt fall beginning at twenty-five 
seconds and returning to the initial level at 
sixty seconds is to be considered normal. It 
was found that a surprisingly gross myelo- 
graphic defect sometimes failed to produce 
any abnormality in the curve of the frac- 
tional Queckenstedt test. In those cases 
where angulation of the oil column was 
found, a delayed return to the initial level 
was noted. When necessary, the fractional 
Queckenstedt test may be done with the 
patient prone. The curve is comparable 
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with that taken in the decubitus position 
but the variations due to respiration are 
much more marked and the initial pressure 
covers a wider range. 

Injection of the Opaque Medium. The pa- 
tient is carefully rolled to the prone position 
before injection. Six cubic centimeters of 
pantopaque is used as the contrast medium. 
One-half cubic centimeter of oil is injected 
and checked roentgenoscopically before 
injection of the total amount. Three 
methods are used to check the entry of the 
pantopaque into the subarachnoid canal: 
(1) the patient is asked to cough; a splash- 
ing movement of the oil in the direction of 
the patient’s head will be seen if the oil is in 
the subarachnoid space; (2) if the patient is 
able to use his abdominal muscles, he is 
asked to strain; the oil column will elongate 
and move cephalad; (3) tilting of the table 
will demonstrate free and prompt flow of 
the oil away from the needle tip. It should 


Fic. 10. Case x. Contusion of cord. 4, fractures of spinous process and both laminae of L1. B, prone antero- 
posterior view. The oil is distributed thinly and in fine droplets. The fusiform filling defect at T12 and Li 
remained in all positions. C, supine lateral view. There is slight anterior bulging of the dorsal wall of the 
neural canal (arrows). The oil is distributed as a thin coating over the cord. At operation the cord and 
conus medullaris were pale, edematous and pulseless, presumably due to contusion. 
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Fic. 11. Case x1. Extradural foreign body remaining after previous laminectomy. 4, prone anteroposterior 
view. The oil column deviates to the left. The previous laminectomy was cephalad to the foreign body. B, 
supine anteroposterior view. The oil here outlines the dorsal wall of the neural canal which is normal. C, 
supine oblique view proves the extradural location of the metal fragment. At operation a bone chip was 
found indenting the dura from the ventrolateral aspect. No abscess about the metal fragment. 


be noted that pantopaque in the epidural 
space will move away from the needle tip 
on tilting, but the movement is sluggish 
and dribbling. Only after these precautions, 
should the remainder of the oil be injected. 
Injection into the epidural space obscures 
the field, follows along the dural sleeves 
and cannot be completely removed. 
Lumbar Lesions. \t was found that re- 
moval of the needle during filming and 
roentgenoscopy expedited the procedure 
and facilitated complete examination. The 
oil column is brought to the level of injury, 
and preliminary roentgenoscopic examina- 
tion in anteroposterior and both posterior 
oblique positions is carried out. Films are 
then made as indicated by roentgenoscopy. 
The following projections are most fre- 
quently used: (a) Anteroposterior myelo- 


grams in the prone position are best made 
with the roentgenoscopic tube, a rather 
narrow aperture, without grid and with the 
cassette in contact with the patient’s back. 
[t is not necessary to have a “spot film”’ 
device to obtain excellent myelograms. For 
an average male of 160 pounds we have the 
patient hold his breath and make an eight 
second exposure at 85 kv., 3 ma., as in 
roentgenoscopy. (Flipping the shutters 
open during the last 10 per cent of the ex- 
posure aids in the later identification of the 
vertebrae and does not materially fog the 
detail.) (4) Postero-oblique myelograms 
may also be made in this manner. (c) Lateral 
myelograms to demonstrate the ventral 
profile of the subarachnoid canal are made 
with the patient prone, and the central ray 
horizontal, using a wafer grid. It is impor- 
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tant to note that any myelogram taken in 
the prone position demonstrates only the 
ventral portion of the subarachnoid canal 
and unless the patient is examined in the 
supine and/or decubitus positions small 
lesions on the dorsal aspect will be missed. 
(see Diagrams 1 and 7). (d) Lateral and 
anteroposterior views with the patient su- 
pine are not always possible (as in mid- 
lumbar and cervical regions) but are valu- 
able when obtainable. Other views are 
sometimes useful, such as (e) lateral views 
taken with the patient on his side, with the 
overhead tube and the moving grid. When 
using this position it is necessary to curve 
the patient’s back with convexity down- 
ward in order to maintain the oil column at 
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the desired level. (f) Anteroposterior views 
taken with the patient on either side, the 
central ray horizontal, and using a wafer 
grid are occasionally of value in studying 
the lateral margins of the subarachnoid 
space. 

Thoracic Lesions. The mid and upper 
thoracic level may be examined in the su- 
pine and both decubitus positions. The 
same views are applicable here as in the 
lumbar area. Views taken in the region of 
T12 and L1 will frequently reveal a spindle- 
shaped filling defect about 10 by I cm. in 
the central part of the thecal canal. This 
defect is attributed to the lumbar enlarge- 
ment of the cord (and the conus medullaris) 
which occupies more of the oil-bearing 


Fic. 12. Case xu. Epidural abscess about loose bone fragments nineteen days after previous laminectomy. 4, 
prone anteroposterior view. The oil column is narrowed and irregular at L4 and Ls. B, prone oblique view 
shows most of the compression and deformity to be on the dorsal surface. C, the oil column is compressed 
from its dorsal aspect (arrows). This is almost complete block, Note that the diagnostic needle is well above 


the lesion. 
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Fic. 13. Case x1. Angulation and displacement of the oil column. 4, arrows show path of the largest frag- 
ment. There are multiple shatter fractures of the right lamina and inferior articular process of L2. B, the 
oil column angulates to the left at the site of the metal fragment. The nerve root on the right was severed. 
C, prone lateral view. The metal fragment is buried in the body of L2. At Li and L2 the oil is in apposition 
to the vertebral bodies but at L3 and L4 the oil is displaced backward several millimeters (arrows). Opera- 
tion revealed an abscess about the foreign body and a large organizing hematoma ventral to the dura at L3 


and L4 (arrows). 


space than the cauda equina below or the 
narrower thoracic cord above (Fig. 108). 
Lateral views taken in the thoracic region 
and in the region of the conus may reveal 
a division of the oil column into dorsal and 
ventral zones. This appearance is_ at- 
tributed to the displacement of oil by the 
spinal nerve roots and their associated 
arachnoid condensations. Neither of these 
appearances should be construed as ab- 
normal. 

Cervical Lesions. When the oil is injected 
in the lumbar region, the neck can be ex- 
amined only in the prone and oblique po- 
sitions. No position is available which will 
place the oil in contact with the dorsum of 
the cervical subarachnoid canal and still 
keep the oil out of the cranial cavity. (We 
have not used the cisterna route.) The oil 
column is brought into the cervical region 
under roentgenoscopic control, The patient 


lies prone, face forward, neck extended as 
far as possible with the chin elevated. The 
table is quickly tilted about 45 degrees 
head down. Just as the caudad end of the 
column passes the apex of the thoracic 
curve, the table is quickly returned to level. 
The patient’s neck may then be relieved 
from the hyperextended position and the 
chin may be rotated with ease and safety. 
A doughnut shaped pillow is useful as a 
face rest. 

Removal of the Opaque Medium, The pro- 
cedure is completed by removal of the oil 
under roentgenoscopic control. It is possible 
to remove all the oil from the subarachnoid 
Non-removable oil may be con- 
sidered to be in the subdural and epidural 
spaces. It is well to take a roentgenogram 
of such oil in order that it will not be con- 
fused with other more significant oil collec- 
tions. 


space. 
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DISCUSSION 


The great field of spinal cord injuries is a 
new one. Never before have so many pa- 
tients been partially or completely incapac- 
itated by trauma to the spine. The ex- 
treme emergencies encountered and the ad- 
verse conditions prevailing in the forward 
battle areas frequently prevent early opera- 
tion. Many operations are incomplete or 
prematurely terminated due to circum- 
stances beyond control. Certain patients 
are operated upon under circumstances of 
an emergency nature and operative notes 
reaching the rear echelon hospitals are in- 
complete, ambiguous or lost. 

The neurosurgeon receiving such patients 
is confronted by very complicated and per- 
plexing problems concerning late operation 
or re-operation, prognosis, dispensation and 
disposition. 

We believe that opaque myelography 
carefully done gives the neurosurgeon more 
information concerning the location, size, 
configuration and actual nature of the 
lesion than can be obtained by any other 
means. 

Our group of studied cases is conducive 
of some optimism. Frequently the neuro- 
logical findings, plain roentgenograms and 
the locations of entry and exit wounds are 
misleading. We have found only a low per- 
centage of cases with actual perforation of 
the dura and extensive cord destruction 
even though the missile passed through the 
neural canal. Much more frequently we find 
that the missile has passed through one or 
more of the bony walls of the neural canal, 
dislodging bone chips, giving rise to hemor- 
rhage, abscess or arachnoiditis but sparing 
the thecal contents. In some cases the dura 
was torn and one or more roots cut but the 
presenting disability was actually due to 
adhesive pia-arachnoiditis, hemorrhagic 
granuloma, extradural foreign body, loose 
bone chips or abscess. All of these are surgi- 
cally remediable and have a better prog- 
nosis than does true destruction of the cord 
or cauda equina. 
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Negative Value. \n certain cases myelog- 
raphy indicates conservatism in treatment. 
A number of our patients (not included in 
this series) had wounds close to or definitely 
involving the spine. The neurological find- 
ings could have been attributed to intra- 
thecal disease, and surgery was considered. 
In such patients, when the myelograms are 
normal or reveal only small defects in the 
margins of the oil column, it is considered 
inadvisable to operate. It is our conviction 
that lesions which do not produce consider- 
able indentation, compression or other de- 
formity of the oil column are not surgical- 
ly remediable. Myelography consistently 
tends to magnify the lesions encountered, 
and for this reason a normal myelogram or 
one showing but minimal deformity is of 
considerable negative value. 

CONCLUSIONS 

1. Opaque myelography greatly facili- 
tates the establishment of an anatomical 
diagnosis in spinal injuries. 

2. We have described and illustrated 
certain myelographic abnormalities found 
following wounds of the neural canal. In 
the 13 operated cases we have correlated 
the roentgenographic with the surgical 
findings and have attempted to establish 
certain diagnostic roentgen criteria. 

3. Even though the positions of the entry 
wound, missile tract and exit wound fre- 
quently suggest transection of the cord or 
cauda equina, this was found only twice in 
our series. 

4. Extradural abscesses, hematomas, dis- 
placed bone fragments and pia-arachnoidi- 
tis frequently produce neurological find- 
ings simulating actual destruction of nerve 
tissue by the missile. These lesions are 
surgically remediable and carry a more 
favorable prognosis. 

5. Operation as late as several months 
after injury is strikingly effective in selected 
cases. 

6. A complete myelographic examina- 
tion should reveal the intrathecal anatomy 
in three dimensions. This can be done in all 
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cases except in those having complete sub- 
arachnoid block and in lesions of the upper 
cervical region. 

>. Myelography may reveal a residual 
remediable lesion even after presumably 
thorough surgical exploration. 

8. Large lesions within the neural canal 
are not revealed by the fractional Quecken- 
stedt test unless there is almost complete 
subarachnoid block. 

g. Laboratory tests and gross inspection 
of the spinal fluid indicate abnormalities 
but do not permit accurate diagnosis except 
in complete subarachnoid block. 

10. The use of myelography is recom- 
mended: 


a. 


b. 


d. 
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For preoperative diagnosis whenever 
practicable. 

When operative records are inade- 
quate or missing. 

For evaluation of doubtful postopera- 
tive course. 

For the diagnosis of late sequelae or 
complications of previous operations 
or penetrating wounds. 

For final evaluation and disposition of 
the patients with persistent neuro- 
logical findings at the completion of 
treatment. 


Post War Address 
C. L. Hinkel, M.D. Director Dept. of Radiology 
George F. Geisinger Memorial Hospital 
Danville, Penna. 
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SUBDURAL PNEUMOGRAPHY 


By CAMPBELL HOWARD, M.A., M.D., F.A.C.R. 


NEW YORK, NEW YORK 


pneumography is the intro- 
duction of air into the subdural space 
so as to separate the brain from the skull 
and outline the contour of the cerebrum. 
This procedure demonstrates unknown at- 
tachments and abnormal adhesions be- 
tween the cerebral cortex and the dura and 
skull. The visualization and localization of 
such attachments are especially important 
in jacksonian epilepsy and in post-trau- 
matic cranial conditions. The demonstra- 
tion of these attachments is valuable to the 
surgeon since definite localizing clinical 
signs cannot always be obtained. As is 
known, the resection of the scar tissue in 
these cases is followed by relief of the symp- 
toms and cessation of the epileptic attack. 
The demonstration of other conditions by 
this procedure will be discussed in this 
paper. The method of subdural air insuf- 
flation was developed by Ney*** in 1932. 

The surgical technique for this examina- 
tion is to make a small burr opening in the 
occipital region of the skull. A lumbar punc- 
ture is made at the same time with the 
patient in a sitting position. Between 30 
and 60 cc. of fluid is withdrawn reducing the 
spinal fluid pressure to about 6 mm. of 
mercury. The dura is then picked up with a 
dural hook and a small nick is made in it. 
An audible hiss is heard as the air enters 
the subdural space, and the rate of flow of 
the cerebrospinal fluid increases. The spinal 
fluid pressure rises to its original level; 
15 to 30 cc. more fluid is withdrawn. The 
dura is closed with a muscle graft and the 
patient is transferred to the roentgeno- 
graphic room lying on the operated side. 
This is to facilitate the dissemination of air 
to the other side of the brain. 

This procedure is less distressing to the 
patient than encephalography, but pa- 
tients do, however, often complain of head- 
ache and nausea. To obviate this, 9-12 gr. 
of phenobarbital is given in divided doses, 


beginning four hours before the operation, 
the last dose being one hour before it. Dur- 
ing the roentgen examination sudden move- 
ments of the head may cause considerable 
distress. Adjustments of the head to the 
various positions therefore should be slowly 
and carefully made. As a rule, the second 
day the patient is very comfortable except 
that headache is still apt to be induced 
when the position of the head is changed. 

Interestingly enough, the disturbance 
attending subdural air insufHation very 
closely resembles the headache, nausea and 
vomiting attending migraine, and patients 
who have had migraine state that it is just 
like one of their old sick headaches, except 
that it is a little more severe. This suggests 
a possible relationship between migraine 
and the symptoms resulting from this pro- 
cedure. 

The technique used in taking these 
roentgenograms, I believe has definite ad- 
vantages over the methods used for routine 
air studies of the head. The accompanying 
illustrations show fine definition and excel- 
lent contrast without a slight blurring of 
lines due to distortion resulting from the 
Bucky grid and without the marked en- 
largement of relative size of the structures. 
These roentgenograms are taken without 
the Bucky grid at a 6 foot tube-film dis- 
tance. This distance gives a true size of the 
outline of the brain and the skull. The 
elimination of the Bucky grid gives a more 
finely detailed roentgenogram than can be 
obtained with the Bucky grid because of 
distortion and also gives better contrast 
between air and bone. A small cone is used, 
18 inches long by 4 inches in diameter at its 
wide end. Centering is accomplished by 
darkening the room and using the light of 
the filament which just covers an 8 by 10 
inch film. The use of a fine focus rotating 
anode tube at 100 milliamperes gives the 
optimum exposure. Stereoscopic views may 
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Fic. 1. 7 and 5, an advanced case of epilepsy. These films show diminished corticodural attachments. In 
this case insufflation of air in the subdural space found its way rapidly into the ventricles suggesting a 
communication between the subdural space and the cerebrospinal fluid circulatory system. 2 shows fixa- 
tion of the cortex lateral to the sagittal sinus. 7? shows extensive corticodural fixation with a definite fluid 
level. ¢ shows a young child with epilepsy with extensive corticodural fixation on the left side with pac- 
chionian granulation nearly penetrating the skull. 6 shows normal attachments. 


be made in this way, but are not usually 
necessary if an adequate number of po- 
sitions are taken. Five anteroposterior 
roentgenograms are taken (a) with the chin 
down near the chest (Fig. 1, 5); this shows 
the posterior parietal region; (4) with the 
head straight erect (Fig. 1, 7 and 2); this 
shows the region of the coronal sutures; 
(c) with the head thrown back to show the 
frontal region (Fig. 1, 6); (d) tilting the 
head to the left and to the right showing 
relative displacement. Three lateral views 
are taken: first with the chin down; second, 
straight erect (Fig. 2, 5) and third, with the 
head extended backward. Since the air ab- 


sorbs slowly, a second series is taken 
twenty-four hours later. Any unsatisfac- 
tory roentgenograms are repeated and any 
of the other positions are taken which may 
be indicated by a study of the first set of 
roentgenograms. 

Not more than 8o kv. is used for the 
anteroposterior views with 75 ma-sec. The 
lateral views are taken with 65 kv. and 100 
ma-sec. The attempt is made to slightly 
underexpose and overdevelop the films. 
The roentgenograms are developed quite 
dark to bring out the greatest contrast 
possible between air and brain tissue. 
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ANATOMICAL CONSIDERATIONS 


The subdural space is a potential space 
rather than a real one. It lies between the 
dura mater and the arachnoid mater and 
normally contains only a film of fluid, just 
sufficient to moisten the opposing surfaces 
of the two membranes. There is no con- 
nection in any way between the subdural 
and the subarachnoid spaces. The dura and 
the arachnoid, therefore, are in contact 
with each other and adhere by virtue of the 
small amount of viscid fluid between them, 
more or less as two pieces of thin rubber 
stick together if there is a film of oil be- 
tween them. If these pieces of rubber were 
sealed along their edges, no air could enter 
and it would be practically impossible to 
separate the two pieces. 

The arachnoid mater is a very thin mem- 
brane which envelops the brain and the 
cord. It does not dip into the sulci of the 
brain, in which respect it differs from the 
pia mater, but it is carried into the longi- 
tudinal fissure. It sends numerous strands 
or filaments to the pia mater connecting the 
arachnoid and pia in an intimate manner 
and forming a delicate sponge-like inter- 
lacement between them. This space _be- 
tween the arachnoid and the pia mater con- 
tains the cerebrospinal fluid. This fluid 
flows from one part of the brain to another 
along the sulci of the brain which serve as 
communicating passages for the free flow of 
the fluid. 

There are bulbous protrusions of the 
arachnoid into the dura on each side of the 
superior sagittal sinus. These are the arach- 
noid granulations. They appear to belong 
to the dura but in reality they are excres- 
cences of the arachnoid through the dura 
with a narrow pedicle and they contain 
cerebrospinal fluid. The distal end of the 
protrusion passes between interstices of the 
dura into contact with the endothelial lin- 
ing of the sagittal sinus, with which it is 
fused. In this situation the subdural space 
is obliterated and the single membrane, 
resulting from the fusion, alone separates 
the blood from the cerebrospinal fluid. 
There are a number of large spaces on each 
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side of the sinus into which most of the 
arachnoid granulations insinuate them- 
selves, a few being invaginated directly into 
the sinus. These granulations serve as a 
channel for the passage of excess cerebro- 
spinal fluid into the sagittal sinus. These 
larger granulations are called pacchionian 
granulations. They vary in size and enlarge 
with age. Investigators have found that 
these pacchionian granulations are not 
present normally at birth and are rarely 
present in young children. Also they are 
not found in the Anthropoidea. Weed? con- 
cludes that these granulations are over- 
grown arachnoidal villi. Cushing® says 
“Though the arachnoidal villi are clustered 
in special numbers in certain places, par- 
ticularly along the sinuses, where they oc- 
cur with or without association with the 
cortico-dural anastomotic veins, they are 
also found scattered elsewhere over the 
brain, and are doubtless capable of being 
newly formed where adhesions occur or 
where there is opportunity for the arach- 
noid to project into the dural crevices. It is 
into these villi that the minute cortical 
herniations take place . . . and those which 
occur in the lateral lacunae of the sagittal 
sinus, commonly spoken of as Pacchionian 
granulations, are the largest and most often 
commented upon.” 

The cerebrospinal fluid is formed in the 
lateral ventricles. It escapes through the 
apertures in the fourth ventricle into the 
subarachnoid space. Some of the fluid 
passes down in the spinal subarachnoid 
space, but the major part rises and finds 
its way slowly over the surface of the hemi- 
spheres to be absorbed through the arach- 
noid villi and granulations into the venous 
system. 

SUBDURAL FLUID 

Reférence was made in a previous article? 
to the fact that in encephalographic studies, 
air is occasionally seen in the subdural 
space, sometimes immediately after the air 
was introduced and sometimes twenty- 
four hours later. Occasionally also air may 
pass into the subdural space at one exami- 
nation and fail to appear in it at a subse- 


Fic. 2. 7, an encephalogram showing pacchionian erosion of the skull. 2, a plain roentgenogram showing pac- 
chionian erosion. ? and 4, encephalograms showing extensive thinning of the skull. 5 and 6, subdural air 
insufflation films with fluid level shown in the lateral view, and escape of air into the ventricles. 


quent encephalographic examination. As 
previously mentioned, there is no connec- 
tion, under normal conditions, between the 
subdural space and the subarachnoid. Even 
under extreme pressure fluid dye cannot be 
forced from the subarachnoid into the sub- 
dural space. However, when Weed?® in- 
jected finely granular masses in the sub- 
arachnoid space under pressure he found 
that a large number of granules penetrated 
into the subdural space. From this he con- 
cluded that the granular masses cut an 
opening into the subdural space, while the 
fluid could not. 

These facts would suggest that the path- 
way of the air in reaching the subdural 
space, as shown in some of these encephalo- 
graphic studies previously mentioned, 
might be through an arachnoidal tear or 
defect. Ney‘ has definitely demonstrated 
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at operation such a tear or fistula. He states 
that when the dura is carefully reflected 
toward the sagittal sinus, an escape of 
cerebrospinal fluid is observed through such 
a fistula, and if air is locally injected into 
the subarachnoid space, it may be directed 
toward the fistula, through which it will 
escape as bubbles. 

When an encephalogram shows that air 
has escaped into the subdural space there 
may also be seen, at times, a definite in 
crease in subdural fluid (see Fig. 1, 7 and 6, 
and Fig. 3, 7 and 3, which show a small 
amount of lipiodol floating on top of the 
fluid to accentuate the presence of the fluid 
level in the subdural space). This would 
suggest that cerebrospinal fluid passes into 
the subdural space by the same route that 
the air took in reaching there, i.e. through 
an arachnoidal fistula. 
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CORTICODURAL ATTACHMENTS 


It is interesting to note in these encepha- 
lograms showing subdural air and increased 
fluid that the cortex of the brain falls away 
from the vault of the skull, leaving attach- 
ments at the top in the region of the sagittal 
sinus. The normal appearance of such at- 
tachments is illustrated in Figure 1, 6. 

By subdural air insufflation these at- 
tachments can always be demonstrated and 
studied. There is a wide variation in the 
size and extent of these attachments. 
Figure 1, 7,2, ?|and 4, and Figure 2, 6'show 
marked enlargement of these attachments. 
Figure 1, 7 and 2, shows attachments la- 
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teral to those along the sagittal sinus. These 
broadened attachments contain enlarged 
pacchionian granulations. 


PACCHIONIAN GRANULATIONS 
Various sized depressions are found in the 
inner table of the skull where these large 
arachnoidal granulations are attached. 
These depressions are erosions of the inner 
table of the skull, in which are fixed the 
enlarged pacchionian granulations. In cer- 
tain instances these granulations become 
directly attached to the cerebral cortex, and 
firmly anchor the cortex to the skull. At 
times the erosion of the inner table is so 
marked that the skull is thinned to a point 


Fic. 3. A series of subdural air insufflations with ascending lipiodol floating upon the fluid in 7 and 3. In 2 
and ¢ a definite fluid level may be observed. Film 2 is a seven-year old child with epilepsy. Note the differ- 


F ence in the corticodural attachments. 
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Fic. 4. Resected calvarium; two views, one with light behind it to show its thinness. 


where it is translucent (Fig. 4). These films 
show a resected portion of the calvarium, 
one having a light behind it shining through 
illustrating the thinness and transparency 
of the bone. At operation these eroded areas 
are found to contain pacchionian granula- 
tions which are partly buried in the bone 
as though the tissue were digging into it. 


SUPPORT OF THE BRAIN 


In these roentgenograms taken after sub- 
dural air insufflation the cortex falls away 
from the vault of the skull leaving a space 
variable in depth. In Figure 1, 7, there is 
more air on the right side than on the left. 
The left side of the cortex appears to be 
held by an additional attachment pointed 
out by the arrow. The right ventricle is 
proportionately lower in position than the 
left, due to this support. A similar appear- 
ance is observed in Figure 2, 6. This dis- 
placement of the ventricle is never ob- 
served in encephalograms without subdural 


air. The oblique views also show postural 
displacement. The displacement is not due 
to pressure, because the air is at atmos- 
pheric pressure. Unless the ventricles are 
displaced by some increased pressure they 
do not change in position in the skull in 
routine encephalograms, no matter in what 
position the head is held. Therefore, it ap- 
pears that the subdural space maintains a 
negative pressure which keeps the brain 
cushioned within the skull. In subdural air 
insufflation the air sucks into the subdural 
space, when the dura is opened, and is not 
forced into it. This releases a negative pres- 
sure in the subdural space and the cortex 
falls away by gravity from the top of the 
skull. This gravitational effect throws ten- 
sion upon the attached portions of the 
cortex, and demonstrates them. It actually 
produces a stretching of the attachments. 
A similar condition is present when in- 
creased subdural fluid is found instead of 
air. The subarachnoid membrane appears 
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to be no longer intact permitting fluid to 
enter the subdural space through a fistula. 

Subdural pneumography has demon- 
strated that the amount of fluid in the sub- 
dural space varies from time to time. Under 
different conditions of the patient it may 
increase or be absorbed. The air and fluid 
in the subdural space, following insufflation, 
diminish rapidly when the patient strains 
severely due to vomiting. In the recurrent 
sick headache attacks, which are practically 
always accompanied by continuous vomit- 
ing, relief of the headache follows the 
vomiting. 

In conclusion, therefore, we may say that 
this procedure of subdural pneumography 
opens a new field of study revealing varia- 
tions in the support of the brain within the 
skull, the presence of variations of the 
corticodural attachments, and the presence 
of a variable amount of fluid in the subdural 
space. 

SUMMARY 

1. Introduction of air into the subdural 

space as a diagnostic procedure is described. 
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2. The anatomical features which this 
procedure reveals are discussed and illus- 
trated. 

3. The explanation of the presence of 
increased subdural fluid is suggested. 

4. The attachments of the brain are de- 
scribed and abnormal fixations illustrated. 


40 Fast 61st. St. 
New York 21, N. Y. 


REFERENCES 

1. Cusninc, H. Studies on cerebro-spinal fluid. 
J. Med. Research, 1914, 37, 1-19. 

Howarp, C. Observations on encephalography. 
Am. J. Roenrcenot. & Rap. THERAPY, 1934, 
32, 301-310. 

3. Ney, K. W. Epilepsy—mechanical theory and re- 

sults of treatment. 7. 4m. Inst. Homeop., 1933, 
26, 241-248. 

4. Ney, K. W. Pathologic factors found in surgical 

investigation of epilepsy. 4m. F. Surg., 1940, 47, 
73-585. 

Ney, K. W. Traumatic epilepsy; pathologic fac- 

tors. Med. Soc. New Fersey, 1943, 270- 


wn 


5. Weep, L. H. Studies on cerebro-spinal fluid. 
JF. Med. Research, 1914, 37, 51-91. 


VoL. 55, No. 6 


OSTEOCHONDRITIS DISSECANS OF THE SUPRA- 
TROCHLEAR SEPTUM OF THE HUMERUS 


By MAJOR HENRY H. LERNER,* MAJOR MELVIN B. WATKINS,f 
and CAPTAIN BENJAMIN RESNICKt 


MEDICAL CORPS, ARMY OF THE UNITED STATES 


HE presentation of this paper was 

stimulated by the report of Crysler and 
Morton!” presented at the Joint Meeting 
of the American Roentgen Ray Society and 
the Radiological Society of North America 
in Chicago, Illinois, September, 1944. On 
that occasion they presented for the first 
time 6 cases of osteochondritis dissecans of 
the supratrochlear septum of the humerus, 
5 of which were confirmed pathologically, 
which they had personally observed. A re- 
view of the literature by them revealed that 
6 similar cases had been previously re- 
ported, none of which, however, had been 
correctly designated as osteochondritis 
dissecans. 

Normally, just above the lower end of 
the anterior aspect of the humerus there is 
a shallow depression below which is the 
trochlea. This depression is the coronoid 
fossa, which receives the coronoid process 
of the ulna during flexion of the forearm. 
As the trochlea continues around posteri- 
orly, it terminates in a broad, deep, triangu- 
lar depression, the olecranon fossa, in which 
the summit of the olecranon process of the 
ulna is received in extension of the forearm. 
These two fossae are separated from one 
another by a thin, transparent lamina of 
bone, the supratrochlear septum. Some- 
times this is perforated by a foramen. 

The abnormal roentgenographic findings 
in osteochondritis of the supratrochlear 
septum, as described by Crysler and Mor- 
ton, consisted of a separate ossicle of bone 
arising from the septum in various degrees 
of sequestration. An additional finding was 
the presence of a supratrochlear forarhen or 
thin septum in the opposite humerus. 

The clinical findings varied from recur- 


rent attacks of pain and limitation of move- 
ment in the elbow joint to locking of the 
elbow. Tenderness over the olecranon proc- 
ess or in the region of the biceps tendon 
was common. Surgical interference, with 
removal of the bony ossicles, resulted in 
complete relief of signs and symptoms. 

Shortly after this report, we had the op- 
portunity of seeing 5 cases which were very 
similar to those reported. Undoubtedly 
other instances were seen by us and others 
in the past and probably reported as frac- 
tures of the olecranon tip or dismissed as 
anatomical variations. We are reporting 
these cases of osteochondritis dissecans of 
the supratrochlear septum because we feel 
the entity is not uncommon and may be 
easily overlooked. 


REPORT OF CASES 

Case 1. While entering the top hatch of an 
airplane two weeks prior to admission, this pa- 
tient slipped and fell, catching his weight on his 
flexed elbows. The right elbow received most of 
the impact. Three days later he reported to sick 
call because of soreness of his right elbow and 
inability to completely extend his forearm. 

Past History. The patient was a professional 
golfer prior to entering the service. There was 
no history of any previous injury to his right 
elbow. 

Complaints on Admission. Inability to com- 
pletely extend right elbow, pain on attempted 
passive extension of elbow, and _ occasional] 
“catching” and “twinge” of pain in right elbow 
on sudden exertion, such as picking up baggage 
or swinging a golf club. 

Physical examination revealed a swollen right 
elbow joint with 1§ degree limitation of exten- 
sion. There was a complete range of flexion, 
supination and pronation. No definite areas of 
tenderness were elicited. 


* Chief, Roentgenological Service, AAF Regional Station Hospital, Kearns, Utah. 
t Chief, Orthopedic Section, AAF Regional Station Hospital, Kearns, Utah. 
t Chief, Roentgenological Service, Station Hospital, Fort Douglas, Utah. 


717 


718 


Fic. 1. Case 1. 


Roentgen Findings. Left elbow: The bones of 
the left elbow joint are normal. The supra- 
trochlear septum is intact. Right elbow (Fig. 1): 
In the region of the supratrochlear septum, 
there are two irregular fragments of bone meas- 
uring 6 by 9 mm. and 6 by 11 mm. in diameter 
respectively. On the lateral view, a third bony 
fragment is visualized just above and anterior 
to the olecranon process. The former two frag- 
ments probably represent an osteochondritic 
process of the supratrochlear septum. The third 
fragment may represent an old injury of the 
olecranon process. 

Right elbow (Fig. 2) after operation: The two 
bone fragments previously described in the re- 
gion of the supratrochlear septum are no longer 
present. The septum itself is thinned as com- 
pared to the one on the left. 

Operative Findings. The supratrochlear fossa 
was exposed through a posterolateral skin inci- 
sion and splitting of the lower fibers of the tri- 
ceps muscle. The capsule was opened with a 
longitudinal incision. A free, round, loose, car- 
tilaginous body about the size of a small pea was 
removed from the supratrochlear fossa (Fig. 3). 
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There was no perforation of the intercondylar 
septum. There was a small fragment of bone at- 
tached by fibrous tissue to the tip of the ole- 
cranon process and attached to this fragment 
was another small cartilaginous body (Fig. 4). 
The bone fragment with the attached car- 
tilaginous body was removed. The elbow could 
now be extended to within § degrees of normal. 
The wound was closed and the elbow partially 
immobilized with cotton padding and ace 
bandage dressing with Velpeau sling. Slight 
active motion was begun on the second post- 
operative day and physiotherapy instituted ten 
days following the operation. 

The soldier was returned to full duty five 
weeks following operation. Final examination 
revealed 5 degrees limitation of extension of the 
right elbow with complete range of flexion, supi- 
nation and pronation. 
of pain in the elbow. 

Pathological Report (Major Louis Parmacek). 
The gross specimens consisted of three firm, 
white, smooth bodies. Two of the pieces, meas- 
uring approximately 1 by 1 by 0.2 cm. in diam- 


There was no complaint 


Fic, 2. Case 1. 
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eter, are attached to each other, apparently im- 
bedded in a tough, glistening cartilaginous sub- 
stance. They are held together by thin, fibrous 
strands. The third specimen is completely free 
of connective tissue covering and shows an ex- 
posed surface of bone on one side. No histologic 
preparations of these specimens were made. The 
histopathologic changes as seen in other speci- 
mens consist of demineralization, poor staining, 
and’ shrinkage or disappearance of the cells. 


Fic. 4. Case 1. 


Fic. 3. Case 1. 


Lacunae may show on the fractured surface, 
which becomes covered by connective tissue 
proceeding from the marrow spaces. This may 
be transformed to fibrous cartilage or even os- 
teoid tissue. Occasional foreign body giant cells 
are seen. 

Osteochondritis dissecans is essentially an 
aseptic necrosis of an osteocartilaginous seques- 
trum completely or incompletely separated 
from the underlying bone. The basis for this ne- 
crosis is probably vascular and of traumatic 
origin. The necrotic changes are more strik- 
ingly evidenced in the bony portion of the se- 
questrum, the cartilaginous portion showing 


lesser changes and actually on occasion continu- 
ing growth with the formation of knobby prom- 
inences. Fic. 5. Case 1. 
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Fic. 6. Case 111. 
Case ul. This soldier entered the hospital 
complaining of a tingling sensation in the fifth 
right finger and some weakness of the right 
hand. 


Fic, 7. Case tv. 
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Physical examination was essentially normal 
except for 5 degree limitation of extension of the 
right forearm. 

Roentgen Findings. Left elbow: The bones of 
the left elbow are normal. Right elbow (Fig. 5): 
There is an ovoid bone fragment measuring 6 by 
8 mm. in diameter present in the region of the 
supratrochlear septum. This probably repre- 
sents an osteochondritic process of the septum. 


Fic. 8. Case v. 


Case u. The patient fell on the right elbow 
six years ago. This was followed by swelling 
and pain with some imitation of motion. 

Physical examination shows 30 degrees limi- 
tation of extension. Pronation and supination 
are slightly limited. There is no swelling. Ten- 
derness is present over the olecranon process 

Roentgen Findings (Fig. 6). There is a single, 
large bony ossicle present in the region of the 
supratrochlear septum of the right humerus. 

Case iv. This patient fell approximately 
seven years ago striking the left elbow. Com- 
plains of weakness and loss of strength in that 
arm. 

Physical examination shows 2c degrees limi- 
tation of extension. Pronation and supination 
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are very slightly limited. There is no swelling 
or tenderness. 

Roentgen Findings (¥ig. 7). There is an ir- 
regular, ovoid, bony ossicle present in the re- 
gion of the supratrochlear foramen of the left 
humerus. 

Case v. This patient injured his elbow while 
playing football six years ago. He is asympto- 
matic most of the time, but occasionally the 
elbow locks so that he cannot extend it fully. 

Physical examination at this time is entirely 
normal. 

Roentgen Findings (Fig. 8). There is a single 
large, ovoid, bony ossicle present in the region 
of the supratrochlear septum of the right hu- 
merus. 


Osteochondritis Dissecans of the Supratrochlear Septum 
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SUMMARY 


Five cases, similar in roentgen appear- 
ance to those recently described as osteo- 
chondritis dissecans of the supratrochlear 
septum, are reported. 

Henry H. Lerner, M.D. 
University of Utah, School of Medicine 
Salt Lake City, Utah 
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THE INFLUENCE OF POSITION ON THE MEASURE- 
MENT OF THE PROJECTED BONE ANGLE 


By EDMUND W. KLINEFELTER, M.D 
Department of Radiology, York Hospital 
YORK, PENNSYLVANIA 


N DESCRIBING normal or abnormal 

angulations of bones or fractures empha- 
sis has been placed on reporting the number 
of degrees actually measured on the roent- 
genogram.?” Obviously the reporting ex- 
aminer should understand how readily 
change in the position of the examined part 
may alter the measurement of the projected 
angle. In searching the literature, however, 
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Fic. 1. Changes in projected angulations with rota- 
tion of the 135° wire. 4, the projected angulation 
corresponds to the real angulation, axis a and axis 
4 are in the plane of the wall perpendicular to the 
light ray. B, increase of 20° in the projected obtuse 
angle with 20° of rotation of a in the plane of the 
wall, while 4 rotates out of the plane of the wall. 
C, the projected angulation is a straight angle, a is 
in the plane of the wall, 4 is in a plane perpendicu- 
lar to the wall. 


I was unable to find any discussions con- 
cerning the measurement of the projected 
bone angle except the brief notes of Glas- 
scheib,’ and Schinz,‘ who stress particularly 
the importance of proper positioning in the 
making of roentgenograms for measure- 
ment of the angle of the femoral neck. In 
view of this lack of available information, 
and in view of numerous questions con- 
cerning the measurement and projection of 
bone angles on the roentgenogram, the fol- 
lowing observations are presented for the 
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purpose of demonstrating the underlying 
principles of this neglected but nevertheless 
important subject. 


Method. The study of the shadows projected 
on a wall from the light of a single light bulb as 
angulated wires are placed in different planes 
between the light bulb and the wall affords a 
simple means of visualizing the different pro- 
jected angulations. For this purpose will suffice 
two pieces of double o wire each 8 inches in 
length, one piece angulated at 135°, and the 
other at 45°. For reference, perpendicular lines, 
xx’ parallel to the floor, and yy’ perpendicular 
to the floor are drawn on the wall with their 
point of intersection O exactly perpendicular 
and 1’ distant from the light bulb. Throughout 
the observations with the wires the position of 
the reference lines and the position of the light 
bulb will remain unchanged, and the vertex of 
the wire employed will always be centered as 
closely as possible to O, the point of intersection 
of the reference lines, perpendicular to the light 
bulb. 

It should be noted here that for each obser- 
vation with the wires, the angulation of the 
shadow on the wall will correspond to that cast 
on a film if it was substituted for the wall, and 
the roentgen tube was substituted for the light 
bulb. 

Observation 7. Parallel projection principle; 
the two axes of the angle a and 4 remain in the 
same parallel plane. The 135° wire is placed 
with its vertex at O, and axis a4 parallel with the 
yy’ axis, while axis 4 also remains parallel with 
the wall. Only in this position with the two axes 
of the wire parallel to the wall and perpendicu- 
lar to the light bulb will the angle as measured 
on the shadow correspond exactly to the real 
angle of the wire (Fig. 1, 4 and Fig. 2, 4). 

Application 1. The principle applies to the 
projection of bone angles on the film. For the 
projected angulation between any bone or 
bones, such as between the neck and shaft of 
the humerus, the neck and shaft of the femur, 
er the angulated fragments of fractures, to cor- 
respond to the real angle, their parts must be 
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placed so that their axes are parallel to the 
plane of the film perpendicular to the central 
roentgen ray (Fig. 3, 4). 

Observation 2. One axis of the obtuse angle re- 
mains in the parallel plane. With axis 4 of the 
135° wire placed parallel to_yy’ and rotated, axis 
4 is shifted out of the plane of the wali toward 
the light bulb, and then away from the light 
bulb through 360° of rotation. In this manner it 
can be shown that the more the rotation from 
the plane of the wall, the more obtuse becomes 
the angle of the shadow, and when both axes 
of the wire are in yy’, the angle of the shadow 
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Fic. 2. Changes in projected angulations with rota- 
tion of the 45° wire. 4, the projected angulation 
corresponds to the actual angulation, a and 4 are 
in the plane of the wall perpendicular to the light 
ray. B, decrease of 20° in the projected acute angle 
with 20° of rotation of a in the plane of the wall, 
while 4 rotates out of the plane of the wall. C, the 
projected angulation is 0°, a is in the plane of the 
wall, 4 is in a plane perpendicular to the wall. 


is a straight angle. In other words, rotation of 
the obtuse angle about an axis perpendicular 
to the central roentgen ray always causes the 
angle to appear more obtuse than 135°, never 
less (Fig. 1, Band C). 

A pplication 2. With outward rotation of the 
axis through the head of the normal humerus or 
head of the normal femur outside of the plane of 
the film, while the axis through the shaft re- 
mains in the plane of the film, the projected 
angle will always be more obtuse than the real 
angle, the increase in degrees of the angle cor- 
responding exactly to the degrees of shaft rota- 
tion, and the appearance will be that of valgus 
deformity, or a real valgus deformity will ap- 
pear greater than it really is, never less (Fig. 3, 
B, and Fig. 4, 4). Among fracture angulations, 
obtuse angulations occur by far the most fre- 
quently,' and here again with only one axis 
through one of the fragments remaining in the 
plane of the film, the projected angulation al- 
ways appears more obtuse than it really is. In 


Measurement of the Projected Bone Angle 


Fic. 3. Real and deformed projected femoral neck 
angles of the normal femur, 4, with the axis a 
through the shaft, and 4 through the neck parallel 
to the plane of the film perpendicular to the cen- 
tral ray, the projected angle on the film corre- 
sponds to the real angle 120°. B, projection coxa 
valga deformity. Outward rotation of a 20° in the 
plane of the film, while 4 rotates out of the plane 
of the film, the projected angle measures 20° more 
than the real angle. C, projection coxa vara de- 
formity. Shaft elevated 75° out of the plane of the 
film toward the roentgen tube and internally ro- 
tated 45° bringing a and 4 into oblique planes. Pro- 
jected angle measures 70°. 


other words, the projected deformity always 
appears less than it really is. 

Observation 3. With axis a of the 45° wire 
placed parallel to yy’ and rotated, axis 4 is 
shifted out of the plane of the wall toward the 
light bulb, and then away from the light bulb 
through 360° of rotation. In this manner it can 
be shown that the more the rotation from the 
plane of the wall, the more acute becomes the 


Fic. 4. Exaggeration of real coxa valga and coxa vara 
deformities. 4, exaggeration of coxa valga de- 
formity, real femoral neck angle 140°. Outward 
rotation of a 20° in the plane of the film, while 4 
rotates out of the plane of the film, the projected 
angle measures 20° more than the real. B, exag- 
geration of coxa vara deformity, real femoral neck 
angle 60°. Outward rotation of a 20° in the plane 
of the film, the projected angle measures 20° less 
than the real. 
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angle of the shadow, and when both axes of the 
wire are in yy’, the angulation is o° (Fig. 2, B 
and C). In other words, rotation of the acute 
angle about an axis perpendicular to the central 
ray always causes the angle to appear more 
acute than 45°, never less. 

Application 3. With varus deformity of the 
neck of the humerus or neck of the femur when 
the angle between the neck and shaft is acute, 
and the axis through the head of the humerus or 
the head of the femur is outside of the plane of 
the film, while the axis through the shaft re- 
mains in the plane of the film, the projected an- 
gle will always be more acute than the real 
angle, the decrease in degrees of the angle cor- 
responding exactly to the degrees of shaft rota- 
tion, and the varus deformity will appear ex- 
aggerated (Fig. 4, B). Fractures with their frag- 
ments at an acute angle, rare as compared with 
those at an obtuse angle, and having only one, 
axis remain in the plane of the film, will always 
show a projeced angle more acute than it really 
is, thereby exaggerating the appearance of de- 
formity. 

Observation 4. The two axes of the angle oc- 
cupy oblique planes. With both axes of the 45° 
or 135° wire placed outside the plane of the wall 
and rotated in various planes of obliquity, 
shadows may be cast with either wire showing 
any degree of angulation, acute, 
straight. 

Application g. Bones with normal or abnor- 
mal angulations having their axes in oblique 
planes may show any degree of projected an- 
gulation. For example, a normal femur may cast 
a shadow showing an acute angle or varus de- 
formity of its neck (Fig. 3, C). 


obtuse or 


COMMENT 


With the preceding observations in mind, 
it 1s apparent that the examiner desiring to 
secure at least fairly accurate numerical 
bone angle measurements from the roent- 
genogram must know the spatial relations 
between the projected and the real bone 
axes. This implies an accurate knowledge of 
the projected appearance of the bones in 
various planes, a not altogether easy ac- 
complishment, and furthermore it often 
requires considerably larger films, incurring 
greater expense, to include more of the 
bones in the attempt to determine the di- 
rection of their axes. 
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During recent years the writer and his 
associates have seen these measurements 
employed more frequently, often by indi- 
viduals without the least knowledge of the 
principles involved, with the subsequent 
expected erroneous results, and with errors 
in several cases leading to litigation. It 
would seem, therefore, timely to call atten- 
tion to the fundamental principles of bone 
angle projection, and to suggest that the 
examiner employ the older descriptive 
methods rather than the numerical, unless 
he is fully aware of their possibilities and 
limitations. 

SUMMARY 


Although measurements of projected 
bone angles are frequently made, the under- 
lying principles concerning their measure- 
ment on the roentgenogram have received 
practically no consideration in the litera- 
ture. 

The study of the shadows of angulated 
wires projected on a wall as they are placed 
in different planes between a single light 
bulb affords a simple means of demon- 
strating the principles of angle projection. 

Angles are projected in correct size 
only if their axes are parallel to the plane of 
the film perpendicular to the central roent- 
gen ray. 

4. Obtuse angles with only one axis in 
the plane of the film are always projected 
more obtuse than the real angles. 

5. Acute angles with only one axis in the 
plane of the film are always projected more 
acute than the real angles. 

6. Obtuse or acute angles with their axes 
in oblique planes may show any degree of 
projected angulation. 

The practical numerical measurement 
of bone angles on the roentgenogram re- 
quires that the examiner know the spatial 
relations between the projected and the real 
bone axes, and this implies an accurate 
knowledge of the projected appearance of 
the bones in various planes. Measurements 
made without this knowledge may lead to 
serious mistakes. 
546 W. Market St. 
York, Pennsylvania 
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MEGADUODENUM SECONDARY TO AN INTRINSIC 
DUODENAL DIAPHRAGM* 
REPORT OF CASE 
By VICTOR DRUCKER, M.D. 


Resident in Radiology 
and 
EMANUEL S. COHEN, M.D. 
Resident in Medicine 
The Fewish Hospital 


BROOKLYN, NEW YORK 


duodenal diaphragm 
4 causing congenital duodenal stenosis 
is a rare condition. This report deals with 
the ninth instance of an intrinsic duodenal 
diaphragm appearing in an adult. The 
case to be described presents a twenty- 
three year history of duodenal obstruction, 
beginning at birth, asymptomatic following 
early childhood, only to recur at the age of 
twenty-three. 
CASE REPORT 

G. B., female, white, aged twenty-three, un- 
married, was admitted to the Jewish Hospital 
of Brooklyn on October 24, 1944, complaining 
of fullness of the abdomen for two days, with 
slight nausea, but no vomiting or abdominal 
pain. An enema, given the day before admission 
to the hospital, had been effectual. 

The first two days after her birth, the patient 
was said to have had repeated projectile vomit- 
ing of clear, watery material, which was not re- 
lated to her feedings. The vomiting diminished 
in intensity and frequency, occurring once 
every two weeks until the age of six years, after 
which there was no further emesis. Roentgeno- 
grams of the stomach, taken when she was five 
years old, showed an abnormality of undeter- 
mined nature, for which surgery was recom- 
mended. The family, however, refused consent 
for operative intervention at that time. 

The patient’s mother reported that at the 
age of three years the patient ingested some 
charcoal powder, which appeared in vomitus 
brought up three months later! The patient also 
remembered regurgitating a cherry pit which 
had been swallowed some four months previ- 
ously. There was never a history of hema- 
temesis, bloody or tarry stools, constipation, 


diarrhea, abdominal pain or previous distention 
before the onset of the presenting complaints. 

Physical examination on admission, revealed 
a stocky, well developed, well nourished white 
female with a soft, nontender, markedly tym- 
panitic and distended upper abdomen. There 
were no palpable abdominal masses. Rectal 
examination was noncontributory. re- 
mainder of the physical examination was en- 
tirely negative. 

Laboratory Findings. Hemaglobin, 77 per 
cent; red blood cell count, 4.21 million; white 
blood cell count, 15,200. Differential: 73 per 
cent polymorphonuclear cells, 3 per cent non- 
segmented polymorphonuclear cells, 18 per 
cent lymphocytes and 6 per cent monocytes. 
The urine was acid in reaction, with a specific 
gravity of 1.029, negative for sugar and acetone 
and had a faint trace of albumin. Microscopic 
examination revealed an occasional white blood 
cell. The blood Kline reaction was negative. 
Blood urea nitrogen was 19.6 mg. per 100 cc.; 
blood sugar, 91 mg. per 100 cc.; and the blood 
carbon dioxide content was 69.2 volumes per 
100 cc. 

Shortly after admission, a Levine tube was 
passed into the stomach and 3,500 cc. of a dark, 
brown fluid were aspirated. It was acid in re- 
action and was positive to the guaiac test. A 
flat roentgenogram of the abdomen on admis- 
sion revealed a distended stomach occupying 
the upper abdomen. No free air under the dia- 
phragm was noted. A barium enema revealed 
no intrinsic colonic pathology. 

A gastrointestinal series (Fig. 1 and 2) 
demonstrated a J-shaped, somewhat enlarged 
stomach, with tremendous dilatation of the 
first and second portions of the duodenum. In 
the region of the second portion, the dilatation 


* From the Radiological Service of Dr. Milton G. Wasch and the Medical Service of Dr. Joseph Rosenthal, The Jewish Hospital of 


Brooklyn. 


726 


VoL. 55, No. 6 


ended abruptly in a constriction, which re- 
sembled a cord-like, rigid band, a few milli- 
meters in diameter. Below this, the duodenal 
lumen assumed almost normal dimensions. 

Aspiration from the region immediately 
proximal to the point of narrowing, by means of 
a Levine tube under roentgen visualization, 
was productive of a bile-stained material which 
was acid in reaction. 

On November 10, 1944, following seventeen 
days of treatment with gastric lavage and anti- 
spasmodics, an exploratory laparotomy was 
performed by Dr. Louis Berger. The stomach 
was enlarged, filling the left hypochondrium 
and epigastrium. Beyond the pylorus, a huge 
sausage-shaped dilatation of the duodenum, 
ending in a tight constriction ring in its second 
portion, was noted. This ring marked the 
boundary between the proximal, distended, 
dilated loop and the normal duodenal lumen 
beyond. The involved bowel was covered by a 
thick vascular fibrous tissue apron, which ex- 
tended from the mid portion of the head of the 
pancreas to the gallbladder. The cecum and 
ascending colon were mobile and normal. The 
liver was displaced upward and backward. The 


Fic. 1. Barium study, fifteen minutes after inges- 
tion, demonstrating a markedly dilated duodenal 


bulb. 
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common duct entered the second portion of the 
duodenum distal to the point of narrowing. 

A longitudinal incision was made through 
the constriction‘ in’ the*duodenum, revealing an 


Fic. 2. Erect oblique view demonstrating the dilated 
duodenum from pylorus (lower black arrow) to 
point of stenosis (white arrow). Note the extreme 
narrowing at the site of stenosis. 


intrinsic diaphragm with a central opening 
which barely admitted the tip of a Kelly clamp. 
The diaphragm was incised and biopsies of the 
duodenum were taken proximal and distal to 
the obstruction. The longitudinal incision in the 
duodenum was closed transversely in order to 
widen the lumen at the site of obstruction. The 
biopsied specimens were identical histopatho- 
logically, and were diagnosed as duodenal 
tissue. 

Two months after operation, the patient was 
asymptomatic and stated that her upper ab- 
domen had shown a marked decrease in size. A 
gastrointestinal series (Fig. 3 and 4) repeated 
at this time, revealed a duodenum still much 
broader than average, but considerably reduced 
in caliber as compared with that noted pre- 
operatively. The original constriction in the 
lower portion of the duodenum had been com- 
pletely overcome, and the lumen restored. 
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Barium meal taken three months postop- 


eratively revealed diminution in size of the 
duodenum and restoration of the lumen at the 
site of stenosis. 


COMMENT 


Congenital duodenal obstruction is clas- 
sified as extrinsic, when caused by aberrant 
vessels, extrinsic peritoneal bands or mal- 
rotation of the gut; and intrinsic, when the 
obstruction is the result of atresia, stenosis, 
or an intrinsic diaphragm (Ladd,* Fors- 
sner’). 

Peritoneal bands usually occur in the 
region of the duodenojejunal flexure. One- 
third of Ladd’s series,’ composed of ex- 
trinsic and intrinsic lesions, were due to 
bands. 

The intrinsic obstructions have been at- 
tributed to the fact that the primitive gut 
closes solidly, when the embryo reaches 
the age of five weeks. This obliteration of 
the lumen of the gut is the result of the 
proliferation of epithelial cells. The lumen 
of the embryonic bowel is soon restored by 
the formation of vacuoles between the 
proliferated cells, and the coalescence of 
these vacuoles to give rise to complete 
recanalization. At the same time, the 
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Kic. 4. 


Postoperative erect view showing marked 
decrease in size of the duodenal loop as compared 
with Figure 2. Again, the ample restoration of the 
lumen at the site of obstruction is demonstrated. 


gastrointestinal mucosa becomes _histo- 
logically differentiated. The faulty reces- 
sion of these cells is said to give rise to 
stenosis, atresia and congenital diaphragm 
(Tandler,’ Ladd‘). 

Atresia of the duodenum usually causes 
serious symptoms in the first five days of 
life.2 Stenosis, where the lumen itself is 
narrowed by constriction of the wall, 
rather than by an intrinsic diaphragm, has 
not been reported in any case above the age 
of three years (Krieg?). Hypertrophic 
pyloric stenosis, which may be confused 
with duodenal obstruction, is usually seen 
in male, first-born infants, though it has 
been seen in adults. 

Krieg,” summarizing the literature, found 
21 cases of diaphragmatic obstruction 
diagnosed in individuals of all ages, varying 
from the fetus of several months’ gestation 
to the septuagenarian. Nagel® cites 7 cases 
of duodenal diaphragm in adults. Krieg 
cites an eighth adult case of this type. After 
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review of the literature, we believe ours to 
be the ninth. 

The time of the appearance of symptoms 
varies. Krieg points out that 38 per cent 
present symptoms during the first two 
weeks of life; 10 per cent develop symptoms 
between the third and eighth month; 24 
per cent, between the ages of one and eight 
years, and 29 per cent after twenty-four 
years. These statistics are based on his 
tabulation of the 21 reported cases of 
duodenal diaphragm. The same author 
listed the location of the diaphragm as 
follows: proximal to the ampulla of Vater, 
45 per cent; opposite the ampulla, 20 per 
cent; distal to the ampulla, 25 per cent; and 
at the duodenojejunal junction, 10 per 
cent. The diaphragm microscopically is 
usually composed of mucosa and sub- 
mucosa, with smooth muscle fibers seen on 
rare occasions. It has very rarely been im- 
perforate.’ 

In infants, the most pronounced symp- 
tom of duodenal obstruction is persistent 
vomiting. Abdominal distention is noted 
in varying degree. Visible peristalsis and a 
palpable dilated duodenum may at times 
be part of the physical findings. The stools 
are diminished in number and size, and 
there is vomiting and dehydration. Loss 
of weight or failure to gain weight are com- 
mon, and often infants are brought into 
the hospital for regulation of feeding. In 
older children, there is often the complaint 
of intermittent abdominal pain (Ladd and 
Gross*). Roentgen examination, with or 
without contrast media, will often reveal 
the dilated upper intestinal loop above the 
point of obstruction, and will thus locate 
the site of the lesion. 

Ladd and Gross’ recommend preopera- 
tive preparation with adequate parenteral 
fluids and decompression of the upper 
intestinal tract. They prefer a_ short- 
circuiting anastomosis to dilatation or in- 
cision of the diaphragm, if such is the 
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nature of the primary lesion. Gastro- 
jejunostomy is advised by these workers 
for obstructing lesions above the papilla of 
Vater; and duodenojejunostomy, in all 
other types of duodenal obstruction. Fi- 
nally, they point out the uniform fatality of 
enterostomy. The surgical procedure fol- 
lowed in the case presented in this report, 
however, was essentially a dilatation and 
incision of the diaphragm with transverse 
suture of the longitudinal incision made in 
the gut. The result has been very satisfac- 
tory to date. 


SUMMARY 


1. A case of duodenal obstruction sec- 
ondary to congenital duodenal diaphragm 
is presented. 

2. The embryology of congenital duo- 
denal obstruction is summarized. 

3. Congenital duodenal obstruction, in 
relation to its localization, diagnosis and 
treatment, is discussed. 


Emanuel S. Cohen, M.D. 
8807-104th St. 
Richmond Hill, N. Y. 


The authors wish to express their appreciation to 
both Dr. Wasch and Dr. Rosenthal, for their advice 
in the treatment of this case and the preparation of 
this report. 
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DIVERTICULUM OF THE CARDIA OF THE STOMACH 
REPORT OF THREE CASES 
By CAPTAIN B. RESNICK 


MEDICAL CORPS, ARMY OF THE UNITED STATES 


N A SERIES of one thousand consecu- 

tive barium meal examinations, 3 cases 
of true diverticulum of the fundic end of 
the stomach were encountered. One of 
these has been previously reported and the 
importance of the supine and Trendelen- 
burg examination was stressed.'! Two new 
cases are added and these show the com- 
mon site of the diverticulum on the pos- 
terior aspect of the stomach below the en- 
trance of the esophagus into the stomach, 
close to the lesser curvature. Available 
statistics indicate that about 155 cases have 
been reported thus far in the literature. 

Diverticula of the intestinal tract are a 
common entity. The esophageal pouches 
were early described in the English litera- 
ture. Large bowel diverticulosis is most 
frequently encountered and usually re- 
ceives adequate consideration, in differenti- 
ation from malignancy, acute appendicitis, 
and tuberculous or ulcerative colitis and 
ileocolitis. The duodenum is the second 
most common site. These diverticula are 
often seen in routine roentgenoscopy of the 
stomach and are less frequently missed 
because of the attention given to the duo- 
denal segment, the site of the prevalent 
duodenal ulcer. The jejunum and jejuno- 
ileal region are still less common sites for 
diverticulosis, probably on a par with the 
stomach in incidence. Closer scrutiny of the 
fundic portion of the stomach should be 
made. In this series the majority of whom 
were soldiers in the United States camps, 
only 16 cases of gastric ulcer were diagnosed 
roentgenologically. The pro rata frequency 
of diverticula of the fundus compared with 
gastric ulcer in this series should serve to 
emphasize the need for examination of the 
cardia more closely. 

In the cardia, in common with divertic- 
ula elsewhere, inadequate musculature is 
probably the etiological factor. The cardia 


compared to the muscle layers elsewhere 
in the stomach is not as well coated. The 
circular and oblique fibers are thinned out. 
Keith? believes the musculature of the 
stomach around the cardiac orifice is in- 
herently weak and that increased intra- 
abdominal pressure and straining are fac- 
tors in their development. The passage of 
ducts and large blood vessels through the 
wall may predispose to these pouches. It 
would also appear that diverticula are 
prone to occur at sites of incomplete peri- 
toneal covering. These are seen in the colon, 
accompanying fat pads in the appendices 
epiploicae lifting the peritoneum, in the 
duodenum at the site of adjacent pancreatic 
tissue where the peritoneum is deficient, 
and at the cardia at the lesser curvature 
aspect where the peritoneum is reflected in 
the formation of the lienorenal and gastro- 
splenic ligaments. Here the left gastric 
artery, a branch of the celiac, passes up- 
ward to the left behind the peritoneum of 
the lesser sac, turns forward and gives large 
branches to the esophagus and cardia. An 
increase in the intragastric pressure and 
poor intrinsic muscle tone may be contribut- 
ing factors. It is interesting to note that 
diverticulosis of the colon and duodenum 
are often observed together. Many have 
been reported. In none of these cases of 
diverticulum of the cardia were other 
diverticula noted. 

The classification of diverticula com- 
monly used is: true or congenital types, and 
the acquired or false types, depending on 
the presence or absence of all the muscle 
coats. As for the incidence of gastric di- 
verticula, variable statistics have been of- 
fered. In routine autopsies, Rivers, Stevens 
and Kirklin*® cite 4 cases in 3,662, an 
incidence of I in 914. These authors state 
that 4 of 6 of their cases in which a diag- 
nosis had been diverticulum, at exploration 
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these diverticula were found to be false sacs 
due to malignant disease or perforating 
ulcer. Roentgenologically and clinically the 
diagnosis may be difficult. A perforating 
gastric ulcer with an accessory pocket may 
simulate a diverticulum. Ordinarily, ulcers 
are rare at the typical site of diverticula. 
The duration of complaints, periodical 
character, gastric analysis and pertinent 
roentgenological features usually suffice for 
diagnosis. Tenderness elicited over the 
pouch where the site can be reached and 
the rate of emptying are of clinical signifi- 
cance. The diverticulum has a smooth 
periphery, is usually rounded, and has a 
narrow pedicle, is flask-like in the tangen- 
tial projection, and shows the stomach 
mucosal pattern (Fig. 1 and 3). Occasion- 
ally a fluid level is observed (lig. 2). In 
contrast the ulcer niche usually arises by a 
broad base and will respond to treatment 
when benign. An early re-examination is 
indicated to observe recrudescence of the 
benign ulcer niche following treatment. 
The features of the malignant ulcer are in- 
filtration of the wall, often with a subtrac- 
tion defect, distorted air bubble, lack of 
peristalsis, fixation and rigidity, meniscus 
sign, and failure to respond to medical 
treatment. Assisting in the diagnosis is the 
hypochlorhydria accompanying most cases 
of carcinoma. 

Templeton’ states that a cascade stom- 
ach with a redundant posterior portion 
may simulate a true diverticulum. In this 
series 2 such cases were encountered. How- 
ever, differentiation was not difficult; 1 of 
these patients was an air-swallower. Roent- 
genologically no true stalks were present 
and the pseudodiverticulum easily identi- 
fied. On subsequent examination in both 
cases the size and character of the pouches 
observed varied sufficiently to indicate 
they were redundant pouches rather than 
true diverticula. 

Stomach herniation through the dia- 
phragmatic esophageal aperture may give 
some difficulty in differential diagnosis from 
diverticula. According to Pendergrass,® by 
observing the effects of inspiration and ex- 
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piration on the size of the pouch, a diag- 
nosis can be made. Hernias increase in size 
in the inspiration phase and decrease upon 
expiration. No similar phenomenon is ob- 
served in diverticulum and these 3 cases 
showed no change in size in quiet or forceful 
respiration. Diverticulum of the cardia is 
usually parallel to the superior and inferior 
surfaces of the vertebral bodies (Fig. 1 and 
2), while gastric hernias are apt to be angu- 
lated. 

Diverticula are often found in routine 
examinations and are known to be asymp- 
tomatic. In these 3 cases the histories are 
ulcer like and no other evidence of organic 
disease was noted. All 3 cases give a history 
of epigastric pain and in 2 the onset of pain 
follows ingestion of food by about an 
hour. In the third case the epigastric pain 
seems to have no relation to food. In 1 of 
the cases a change in position gives definite 
relief. None gives a history of hematemesis 
or melena, one of the more frequently re- 
ported complications. 

None of these cases was considered for 
surgical removal of the sac because of the 
classical site of the lesion and improve- 
ment under conservative treatment. Preva- 
lent opinion is that surgery is indicated 
where diagnosis is in doubt or treatment is 
ineffective. This applies particularly to 
those lesions somewhat lower in position as 
these may be false sacs due to malignant 
disease or benign ulcer. 


CASE REPORTS 

Case 1 (Fig. 1). Previously reported.' A male, 
aged twenty-three, complained of epigastric 
pain, nausea, and eructations of twenty-four 
hours’ duration. He has had similar attacks at 
intervals for the past two years. Onset of pain 
one hour after meals. Relieved by food and 
alkali. Physical examination and gastric analy- 
sis essentially negative. Diverticulum emptied 
in twenty-four hours. 

Case u (Fig. 2). Male, aged fifty-five, com- 
plains of burning pain and eructation, epigastric 
in site, about one hour after food. He has had 
periodic gastric discomfort for the last few 
years. Pain is relieved by belching or change in 
position. Medication is occasionally helpful. 


732 B. Resnick 


Case 1. Tangential projection showing un- 
diverticular sac, posterior to the cardia, 
mucosa stained with medium. 


Weight is constant, appetite good, physical 
examination is essentially negative. Some local 
tenderness was elicited and diverticulum was 
empty at six hours. 

Case ul (Fig. 3). Female, aged twenty-three, 
complains of epigastric pain and flatulence, 
duration one and one-half years. Periods of dis- 


Fic. 2. Case 1. Tangential projection showing neck 


eccentric to pouch and fluid level. 
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comfort during this time have recurred six or 
seven times. Duration of each attack is ap- 
proximately four days. The present attack has 
lasted for a week. Pain has no definite time rela- 
tion to food, but is often aggravated by eating. 
No history of dysphagia, anorexia, loss of 
weight, icterus, acholic stools, hematemesis, or 
melena. Habits are not contributory; a moder- 
ate smoker, occasional drinker. Physical exami- 


Case II. 


Fic. 3. 


nation essentially negative. Basal metabolism 
and gastric analysis were normal. The divertic- 
ulum was empty at six hours and no tenderness 
was elicited as the fundus was too high for 
palpation. 


SUMMARY 


Three cases of diverticulum of the stom- 
ach are presented with roentgenographic 
studies and discussion. 


650 Main St. 
New Rochelle, N. Y. 
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OSTEORADIONECROSIS OF THE MANDIBLE*t+ 


By EDWIN A. LAWRENCE, M.D. 


NEW HAVEN, CONNECTICUT 


Qe is a patho- 
logical process which sometimes fol- 
lows heavy irradiation of bone and _ is 
characterized by a painful, prolonged 
course, late sequestration of bone, and oc- 
casional nermanent deformities. It is not 
an uncommon complication particularly in 
the mandible after radiation treatment of 
oral carcinoma. When it occurs, the macro- 
scopic structure of bone may be retained, 
but if infection enters the bone, an indolent 
destructive process develops which cul- 
minates after many months or even years 
in sequestration and healing. Its patho- 
genesis is not clearly understood probably 
because investigative studies with heavy 
protracted fractionated irradiation have 
not yet been reported. Therefore neither 
its prophylaxis nor its therapy is based on 
sound facts. 

Watson and Scarborough! have stated 
that in a series of 1,819 patients with in- 
traoral carcinoma or allied conditions there 
were 235 in whom osteoradionecrosis was 
demonstrated, or an incidence of 12.9 per 
cent. The serious aspects of the problem are 
emphasized by the facts that 12 of the 235 
died as a direct result of the necrosis with- 
out evidence of cancer and that the average 
period of incapacity in 204 patients treated 
conservatively was 11.1 months. They, 
and others,? state that there are three 
related factors in the production of this 
complication: irradiation, infection, and 
trauma. Necrosis can follow heavy irradia- 
tion alone, but it is more common when 
there is a concomitant or post-irradiation 
infection in the mouth, particularly in and 
about the teeth. It also occurs after teeth 
have been extracted from an alveolus which 
has been damaged by radiation therapy. 

In a recent series of patients with cancer 
of the oral cavity® there were several ex- 


amples of this complication which emphasize 
certain criteria in its prophylaxis and 
definitive therapy. 


Case 1 (A80727). J. T. The patient was a 
white woman, aged sixty-nine, who was ad- 
mitted to the Tumor Clinic on September 21, 
1937, complaining of a swelling of the left upper 
lip of four months’ duration. At the time of its 
onset she noticed that the skin of the lip was 
swollen and that the mucous membrane was 
roughened. A tumor nodule appeared in the 
roughened area five weeks before admission. 
Examination on admission showed a granular, 
raised area on the buccal surface of the left side 
of the upper lip, 2 cm. in diameter. It had grown 
directly through the lip to the skin where there 
was a raised nodule 1.25 by 1.5 cm. in size. The 
biopsy of the mucosal surface showed squamous 
cell carcinoma, Grade 2. The lesion was treated 
with roentgen therapy from September 29 to 
October 29, 1937. The radiation factors were 
100 kv. (peak); filter, 1 mm. Al; 3 ma.; and 23.5 
cm. distance. Two fields were used, an intraoral, 
2 cm. in diameter, and an external field, 4 cm. 
in diameter, located directly over the tumor in 
the skin. The former field was given 3,297 r, 
measured in air, and the latter, 3,748 r. She was 
admitted to the hospital on January 12, 1938, 
because of recurrent tumor in the lateral por- 
tion of the original tumor area. It was treated 
with a radium moulage. One hundred milli- 
grams were used. The distance was 0.5 cm. and 
the filter, 0.2 mm. of platinum. The size of the 
treated area was I$ square centimeters. The 
dose was 1,700 mg-hr. On February 22, 1938, 
a suspicious nodule was noted on the posterior 
edge of the original tumor area in the buccal- 
gingival fold. Later it became definite and on 
March 27, 1938, eight 2.2 me. gold radon seeds 
were implanted. In July, 1938, the alveolar 
process of the maxilla became exposed. Pain 
was marked and continued for many months. 
On March 11, 1941, a portion of the necrotic 
bone was excised, opening the maxillary antrum 
from which a small amount of pus escaped. 
After that she was reasonably comfortable. In 


* From the Department of Surgery, Yale University School of Medicine, New Haven, Connecticut. 
t This investigation has been aided by a grant from The Jane Coffin Childs Memorial Fund for Medical Research. 
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Fic. 1a. Case ut. Destructive process in the left 
mandible at time of admission, March 25, 1940. 
Destruction probably due to cancer. 


August, 1944, a sequestrum I by 2 cm. in size 


was removed with forceps from the margin of 


the oromaxillary sinus. The sinus remains clean, 
and there is no evidence of recurrent tumor, but 
a small portion of the maxillary alveolus re- 
mains exposed. The patient has no complaints. 


Comment. The etiological agent in this 
complication was nothing other than heavy 
irradiation. It is interesting that the 
sequestrum did not become loose enough 
to be extracted until six years after the 
alveolus first became exposed, and it is 
important to point out that no attempt was 
made to dislodge it. 

Case 1 (B4066). J. M. This Polish woman, 
aged seventy-six, was admitted to the hospital 


Fic. 14. Case u. Pathological fracture. The fracture 
occurred ten months after the 
roentgen therapy. 
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on March 25, 1940, complaining of an infected 
jaw bone. Five months previously a painless 
ulcer had appeared on the left lower alveolus 
and had grown slowly. Examination of the 
mouth showed an indurated, firm mass, I cm. 
in diameter, on the lateral border of the middle 
third of the left lower alveolus. It had a central 
shallow ulcer § mm. in diameter. Biopsy showed 
a squamous cell carcinoma, Grade 2. Roent- 
genograms of the mandible on March 26, 1940 
(Fig. 14) showed a destructive process in the 
body of the mandible interpreted as being due 
to invading carcinoma. She was treated with 
roentgen therapy from April 4 to 24, 1940, 
through two fields, an intraoral and a left ob- 
lique mandibular field. The radiation factors 
for the former were 200 kv. (peak ); filter, 0.25 


Fic. 1c. Case 1. The destruction as it appeared on 
August 27, 1943, three years and four months 
after treatment had been completed. 


mm. Cu and 1 mm. Al; 20 ma.; 56 cm. distance 
and 300 r, measured in air, a day. For the latter 
field, the factors were 200 kv. (peak); filter, 
0.75 mm. Cu and 1 Al; 20 ma.; 50 cm. distance, 
and 307 r, measured in air, a day. The tumor 
dose was $,521 r, of which 3,083 r were given 
intraorally. There was a severe mucositis. 
Roentgenograms of the mandible on june 20, 
1940, and again on January 1, 1941, showed an 
increase in size of the invasive lesion and on 
February 11, 1941, a pathological fracture (Fig. 
14). A jaw resection was strongly advised, but 
the patient would not give her consent. A 
biposy of the questioned area through an extra- 
oral incision was performed on February 28, 
1941, but was negative for tumor. No further 
therapy was administered. She was admitted 
to the hospital on August 27, 1943 (Fig. 1c), for 
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incision and drainage of a subcutaneous abscess 
beneath the body of the left mandible. On 
November 9, 1943, she again entered the hos- 
pital, this time with an ulcer on the left margin 
of the tongue I cm. in diameter. It had not been 
present at her last visit to the Tumor Clinic 
one month previously. A biopsy showed squa- 
mous cell carcinoma, Grade 1. The lesion was 
excised. There has been no recurrence of either 
tumor and the last roentgenograms show no 


Fic. 1d. Case 11. Condition on November 7, 1944. 
There has been no further destruction but no in- 
volucrum formation. 


essential change (Fig. 1¢). A small segment of 


bone remains exposed in the alveolus. 


Comment. Neither infection nor trauma 
contributed in any way to the necrosis, the 
etiological agent being entirely heavy ir- 
radiation. The original mandibular defect 
was undoubtedly due to carcinoma which 
was controlled by roentgen therapy. In 
retrospect, it is somewhat surprising that 
the trauma of the biopsy did not accelerate 
the radionecrosis. 


Case ur (B10877). A. I., male, aged seventy- 
two, admitted to the Tumor Clinic on 
January 2, 1941, complaining of an ulcer be- 
neath his tongue of six weeks’ duration. In the 
floor of the mouth just posterior to the alveolus 
and to the left of the midline there was an 


was 


ulcerated area measuring 1 by 1.5 cm. with a 
surrounding zone of induration. Biopsy showed 
squamous cell carcinoma, Grade 1. There were 
extensive dental caries, pyorrhea and gingivitis, 
but the patient steadfastly refused to have his 
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Kic. 2a. Case 1. December 20, 1941. Early destruc- 
tion of the alveolar process of the left mandible. 


teeth extracted. Roentgen therapy was started 
on January 14, 1941, through two external 
mandibular fields, 6 cm. in diameter, directed 
obliquely toward the floor of the mouth. The 
radiation factors were 200 kv. (peak); filter, 
¢.7§ mm. Cu and 1 mm. Al; 20 ma.; and dis- 
tance $0 cm. During therapy the mouth infec- 
tion became so severe that on January 25, 1941, 
the patient refused to return for treatment. He 
was finally hospitalized on February 3, 1941, 
and during the next week all of his teeth were 
extracted. Roentgen therapy was resumed on 
February 11, 1941, and concluded on February 
26, 1941. An intraoral cone was used in this 
latter period. The irradiation factors were the 
same as for the external fields except that the 
filter was 0.25 mm. Cu and 1 Al and the distance 
was 56 cm. The tumor dose was 6,475 r, 1,606 r 
being delivered through the intraoral cone. The 
mucositis and epidermitis were moderate. Three 


Fic. 24. Case m1. March 20, 1942. Pathological 


fracture of the mandible. 
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Fic. 2c. Case m1. May 21, 1942. Further extension of 
the destructive process. 


1 millicurie radon seeds were inserted into the 
residual tumor area on May 3, 1941. 

Sequestration of the mandible was noted for 
the first time on July 17, 1941, when several 
small fragments of bone were removed. A por- 
tion of the right maxilla sequestrated and was 
removed in November, 1941. 

In December, 1941 (Fig. 2), he was admitted 
to the hospital for incision and drainage of a 
soft tissue abscess below the body of the left 
mandible. During the same period of hospitali- 
zation portions of the anterior mandible in- 
volved by osteomyelitis were rongeured away 
on three different occasions. Eventually the 
mucous membranes retracted from the mandi- 
ble. On July 29, 1942, he was admitted with the 
mandible completely exposed back to each 
ramus. It was removed. He died of heart disease 
on April 25, 1943. An autopsy failed to reveal 
any remaining carcinoma. 


Comment. It is obvious, in retrospect, 
that this patient was improperly handled 
in several ways. The most important 
deficiency was due to the patient’s ob- 
stinacy in refusing to allow his teeth to be 
extracted before irradiation was started. It 
seems certain that with the severe degree 
of dental infection he ultimately would 
have had necrosis. It might have been wiser 
to have cut the teeth off at the gingival 
border when the infection became severe 
rather than to have extracted them. It is 
also rather doubtful if the mandible could 
have been saved by more conservative 
methods; but it is possible that, if the 
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sequestrum had been removed only as it 
loosened, less bone would have ultimately 
become necrotic and what remained might 
have been stabilized by a fibrous tissue 
union. 

All three etiological factors contributed 
to the necrosis: heavy irradiation, infection 
from carious teeth, and trauma from tooth 
extraction. 


Case iv (A88370), H. F., male, aged forty- 
two, was referred to the Tumor Clinic on June 
1, 1939, because of an ulcer of the hard palate 
that was found on routine physical examination. 
A biopsy showed chronic inflammation. He then 
refused to answer follow-up appointments but 
returned voluntarily on February 11, 1941, 
complaining of severe pain in the roof of his 
mouth. An ulcerated lesion of the right hard 
palate 2 by 3 cm. in size was found. Biopsy 
showed squamous cell carcinoma, Grade 2. His 
teeth were in poor condition. The worst ones 
were extracted before irradiation was instituted, 
but through a misunderstanding others were 
removed two weeks after therapy. He was 
treated with roentgen therapy from March 12 
to April 25, 1941. Two external fields, 6 cm. in 
diameter, and an intraoral cone, 2 cm. in diame- 
ter, were used. The irradiation factors for the 
former fields were 200 kv. (peak); filter, 0.75 
mm. Cu and 1 mm. Al; 20 ma.; and distance, 
s0 cm. For the intraoral cone they were the 
same except that only 0.5 mm. of copper was 
used, and the distance was 56 cm. The daily 
dose was 275 r and 301 r, measured in air, re- 


Fic. 3. Case 1v. Sequestrum of the ramus of the left 


mandible. 
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spectively. The tumor dose was 6,601 r. There 
was a lapse from March 29 to April 5, when the 
patient refused to come for treatment because 
of a sore mouth due to mucositis and painful 
tooth sockets. He had severe epithelitis. A 
portion of the right maxillary bone became 
exposed in May, 1941. Six 1 millicurie radon 
seeds were inserted into a residual tumor area 
at the junction of the right hard and soft palate 
on July 29, 1941. Necrotic slough of the palate 
appeared on October 28, 1941, and an oromaxil- 
lary fistula on November 6, 1941. He began to 
develop pain and trismus in the left temporo- 
mandibular joint on August 21, 1942. An en- 
larged right cervical lymph node was found in 
December, 1942. A biopsy of it was positive 
for metastatic carcinoma, and roentgen irradia- 
tion was given, with its subsequent disappear- 
ance. On February 23, 1943, he was admitted 
to the hospital for removal of a sequestrum 
from the left mandible (Fig. 3). After this 
the pain in the mandible disappeared and the 
trismus improved. He continued to have the 
right oromaxillary fistula but there was no 
further evidence of remaining diseased bone. 
The node in the right side of the neck recurred 
and a right radical neck dissection was done on 
September 15, 1943. Six months later meta- 
static tumor reappeared in the neck, and the 
patient died of disease on August 9, 1944. 


Comment. All of the teeth should have 
been removed before irradiation was started 
and none at all during the course of ther- 
apy. It was also unwise to insert radon 
when bone was already exposed. Heavy ir- 
radiation and infection were probably the 
most important factors in this patient’s 
complication. 


Case v (Agg380). J. E., white male, aged 
eighty-one, was admitted to the hospital on 
April 23, 1941, complaining of aching pain in 
the right cheek of three years’ duration. During 
this period he had been treated intermittently 
for ulcerated leukoplakia of the right buccal 
mucous membrane at its junction with the pos- 
terior portion of the lower alveolus. In this area 
there was an ulcer, I cm. in 
rounded by red, 


diameter, sur- 
fissured mucous membrane. 
Biopsy showed a squamous cell carcinoma, un- 
graded. There were six ragged teeth anteriorly 
in the lower jaw which he refused to have re- 
moved. He was treated with roentgen irradia- 


tion from April 24 to June 23, 1941, through 
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Fic. 44. 


Case v. Sequestrum of the right mandible 
with pathological fractures. 


two fields, a 6 cm. external field and a 2 cm. 
intraoral cone. The factors for the first field 
were 200 kv. (peak); filters of 0.75 mm. Cu and 
1 mm. Al; 20 ma.; and 50 cm. distance; for the 
second field they were 200 kv. (peak); filters 
of 0.25 mm. Cu and 1 mm. Al; 20 ma.; and 56 
cm. distance. The fields were treated on alter- 
nate days, and the daily dose was 235 r and 
226 r, measured in air, respectively. The tumor 
dose was 8,575 r, of which 6,116 r were given 
intraorally. Epidermitis and mucositis were of 
a moderate degree. The treatment period was 
prolonged partly because of the fact that he de- 
veloped unexplained gastrointestinal bleeding 
requiring two interruptions in therapy of one 
week’s duration each. He was readmitted to the 
hospital on November 26, 1942, with cellulitis 
of the right cheek and a necrotic ulcer in the 
tumor area. The cellulitis subsided but the 
ulcer persisted. For the following year he sought 
treatment elsewhere and when he returned in 
December, 1943, the posterior bony portion of 
the body of the right mandible was exposed. 
Roentgenograms showed destruction of bone 
and a pathological fracture (Fig. 44). The in- 
volved area was clean but food collected around 
the exposed bone. It was treated only with 
saline for local cleanliness. There 
was gradual retraction of the mucous membrane 
around the sequestrum. In August, 1944, the 
sequestrum loosened and was easily removed. 


irrigations 


pod 
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Fic. 46. Case v. Defect in the mandible after re- 
moval of the sequestrum. An involucrum has not 
formed. 


The defect is now healed satisfactorily 


4). 


Comment. As in Cases 1 and 11, there were 
no other contributing factors except irradi- 
ation which in this instance was excessive. 
Although teeth were removed following 
treatment, none of them were in the fields 
of irradiation and their removal probably 
was not related to the production of the 
necrosis. This case emphasizes the pro- 
longed morbidity sometimes encountered. 
The patient suffered intense pain for sev- 
eral months, and the sequestrum could not 
be removed for nearly two years after ne- 
crosis of the mucous membrane in the 
tumor area appeared. It also illustrates con- 
servatism in therapy. The patient was in- 
structed in the use of irrigations of the in- 
volved area and faithfully visited the clinic 
weekly for this purpose as well as carrying 
on the therapy at home. The infection did 
not spread. No attempt at all was made to 
remove the sequestrum until it was loose 
and could easily be extracted with forceps. 


Case vi (B2913). J. B. This patient was a 
male, aged fifty-three, who was first seen in the 
Tumor Clinic on November 18, 1940, with 


(Fig. 
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leukoplakia of the mouth, chiefly in the mucous 
membrane of the left lower alveolus, left cheek 
and left side of the hard palate. A biopsy of an 
area on the lower alveolus was negative for 
tumor. He was treated intensively with vita- 
mins and during the next two months three 
carious teeth were extracted. In May, 1941, 
another biopsy of a suspicious inferior alveolar 
lesion in the midline, anteriorly, was positive, 
showing squamous cell carcinoma, Grade 2. The 
four lower incisor teeth were extracted to 
facilitate the use of an intraoral cone in roent- 
gen therapy. The second right lower incisor 
was fractured from the root during extraction 
and the root was not removed. Three days later, 
on May 26, 1941, roentgen therapy was started 
using a single intraoral cone, 2 cm. in diameter, 
directly on the lesion. Daily treatments were 
given until June 25, 1941. The radiation factors 
were 200 kv. (peak); filters of 0.25 mm. Cu, and 
1 mm. Al; 20 ma., and 56 cm. distance. The 
tumor dose was 5,060 r. The tumor responded 
well and disappeared. In March, 1942, a second 
oral carcinoma on the hard palate was found. 
It was also treated with roentgen radiation with 
equally good results. In December, 1943, the 
patient complained of a purulent discharge 
from the alveolar border of the symphysis of 
the mandible where a sinus was found in the 
mucous membrane which extended down to 
bone. Roentgenograms of the mandible showed 
the incisor root fragment, sequestration, and a 
peri-apical abscess. The root fragment was ex- 
tracted. The sinus was treated solely with saline 
irrigations. On February 29, 1944, the patient 

was admitted to the hospital for incision and 
drainage of a submenta! soft tissue abscess 
probably originating from the bone. Gradually 
over a period of months, the sequestrum 
loosened and on June 6, 1944, it was removed 
with forceps. The bed healed slowly, finally 
becoming completely healed on August 19, 
1944. The patient is alive and well without evi- 
dence of recurrent disease. 


Comment. The importance of the retained 
fragment of tooth was overlooked when ir- 
radiation was started. Undoubtedly the 
peri-apical abscess that developed about it 
contributed to a great degree to the infec- 
tion and necrosis of the alveolar bone that 
had already been heavily damaged by ir- 
radiation. The institution of radiation ther- 
apy should have been delayed longer than 
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three days to allow for healing of the tooth 
sockets. 
The above cases are summarized in Table 


DISCUSSION 


The unique structure of the small bones 
of the face, particularly of the mandible, 
and their intimate proximity to-the treat- 
ment fields probably are the major factors 
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membranes. Warren‘ states that adult bone 
is probably more sensitive to radiant energy 
than skin and mucous membrane. How- 
ever, the mineral content of bone causes an 
increased amount of soft, scattered radia- 
tion resulting in a high, total intrinsic dose 
that is probably not entirely shared by the 
adjacent soft tissues. Because of their 
closeness to the skin surface the small bones 
of the face, by and large, are subjected to 


TaBLe | 
Num- Therapy 
ber 
Roentgen of Roent- R Tootk Mor- 
Patient Treatment Treat- gen bidity Remarks 
Days Tumor (me.) 
Dose me 
Sept.29toOct.| 23 7o4sr 1700 17.6 6 yr. Severe pain for many 
29, 1937 months 
Il. J.M. Apr. 4 to Apr. 16 $s2ir 4 yr., Relatively mildsymp- 
24, 1940 g mo. toms. Soft tissue ab- 
scess 
Hl. A.l. Jan. 14 to Feb. 26 = 64754 3.0 | Yes; 1 yr. Marked pain. Multi- 
26, 1941 during therapy ple soft tissue abscess- 
es. Loss of mandible 
IV.H.F. Mar.12toApr.| 27 6601r 6.0 Yes; 16mo. | Marked discomfort 
25, 1941 during therapy 
J.E Apr. 24 to June 39 8575 Yes; 1 yr., Severe pain 
23, 1941 after therapy 9 mo. 
VI. J.B. May 26 to June 23 sobor Broken root al- 7mo. Soft tissue abscess 
25, 1941 lowed to re- 
main in treat- 
ment area 
in the high incidence of radionecrosis in higher doses than any others in the body. 


this area. The mandible is a ribbon-like 
structure obtaining its blood supply from a 
single nutrient artery, the inferior dental 
artery, and from the periosteum. It is 
formed of dense compact bone with a cal- 
cium content that is 85 per cent of its min- 
eral content.? Because of this high calcium 
content the actual intensity of a given dose 
of radiation is probably greater in bone 
than in the overlying skin and mucous 


Ewing’ describes new subperiosteal bone 
developing around the shafts of femurs that 
had been given heavy doses of radiation. It 
could be stripped off easily, leaving a gran- 
ular bony surface and resembled an invo- 
lucrum forming about a sequestrum. Micro- 
scopically, the cell spaces of the bone 
appeared large and irregular. The canaliculi 
were also large, widened, irregular and re- 
duced in numbers. Numerous abnormal 
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spaces appeared between the lamellae, and 
the lamellar substance appeared hyalinized 
and brittle. Ewing concluded that these 
changes signified severe degeneration of 
bone cells, destruction of cell processes, 
closure of many canaliculi and changes of 
an undetermined nature in the lamellar 
substance. 

Also in the studies on the femur, Warren‘ 
states that microscopically there is extreme 
obliterative endarteritis, rarefying osteitis, 
absorption and partial loss of calcium and 
a foreign body giant cell reaction about 
fragments of necrotic bone. With respect 
to the jaws, he states that a pure irradiation 
effect is seldom seen but that infection en- 
hances the damage to bone. Four points are 
emphasized: (1) The damage may occur 
beneath intact skin and mucous membrane. 
(2) The macroscopic integrity of bone is 
maintained even after exposure to heavy 
radiation. (3) Infection or trauma added to 
radionecrosis produces marked gross dis- 
integration of bone. (4) Sequestration in 
radionecrosis is slower than in necrosis due 
to trauma or infection. Warren goes on to 
state that the radiosensitivity of bone is 
probably due to the calcification of the sup- 
porting substance rather than to the direct 
effect of irradiation on bone cells. The sec- 
ondary rays act mainly on the lamellar 
substance, changing in some way its physi- 
cal constitution without, however, pro- 
ducing gross evidence of change as long as 
the bone remains free from trauma and in- 
fection. Its macroscopic integrity is ex- 
plained by the presence of an amorphous 
mineral foundation and by the extreme 
slowness of the normal changes in bone. 

Watson and Scarborough! emphasize 
that periosteum is highly susceptible to ir- 
radiation and state that the osteoblasts 
may be completely destroyed thus explain- 
ing the lack of bone regeneration after 
sequestrectomy or subperiosteal bone re- 
section. 

It is apparent from the above discussion 
that bone is prepared for osteoradionecrosis 
by heavy external irradiation which causes 
intrinsic damage to the bone. This damage 
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will usually not become apparent, however, 
unless it is associated with trauma to the 
bone or infection or both. Quite naturally 
the source of trauma and infection is usu- 
ally related to the teeth and raises the ques- 
tion of management of teeth before irra- 
diation is instituted. Some authors® be- 
lieve that it is necessary to remove teeth 
only in the direct field of irradiation while 
others? state that all teeth should be sacri- 
ficed. This does not mean that only poor 
teeth should be extracted. It means that 
the sound should be taken out as a prophy- 
lactic measure along with the poor. Only in 
this way can one be sure that there will be 
no danger of an infection arising on this 
basis in the heavily irradiated bone. Case 
111 is an example of the dire results that 
can follow. 

The number of teeth to be removed is a 
debatable question. Should one extract 
teeth only in the direct beam of the roent- 
gen rays or should all the remaining ones in 
the mouth be sacrificed? In an ideal situa- 
tion where an intraoral cone can be com- 
bined with a small external field or with 
interstitial radon it probably is necessary 
to remove only the teeth in the direct beam 
of radiation or that interfere with the pre- 
cise use of the cone. The following example 
illustrates the problem: This patient had a 
carcinoma of the lateral border of his 
tongue. His teeth were solid and sound. 
Only the ones that interfered with the 
intraoral cone were extracted. Two years 
later all of the remaining teeth suddenly 
became carious (a situation not uncommon 
after irradiation affecting the mouth) and 
had to be extracted. This was done with no 
little trepidation for fear the trauma and 
subsequent infection in the teeth sockets 
would cause disintegration in bone irradi- 
ated by the single external field, but such 
was not the case and the result was satis- 
factory. There would have been no neces- 
sity for worry had the teeth been removed 
before irradiation. For this reason we be- 
lieve that it is safer to sacrifice a// remain- 
ing teeth before therapy is started. Cer- 
tainly the minimum that should be done is 


VoL. ss, No. 6 


to take those in the direct beam of radia- 
tion. 

Tooth sockets are not the sole means of 
entry of infection into bone damaged by 
irradiation (Cases 1, 1, and v). In some 
instances heavy irradiation injures the 
overlying soft tissue so much that varying 
degrees of dissolution will occur and infec- 
tion will enter the devitalized bone directly. 
Such a complication can hardly be avoided. 
It may be necessary to give heavy doses of 
radiation to control a tumor such as in 
Case 1, or the patient’s tissue tolerance may 
be poor. In such situations prevention can 
be directed only towards rigid post-therapy 
oral hygiene to obviate deep mucous mem- 
brane ulcerations which might eventually 
extend down to bone. 

Very little has been written about the 
active treatment of osteoradionecrosis. 
Kanthak? states that sequestrectomy may 
be indicated when dead bone separates or 
when a pathological fracture appears. 
Swift’ says that no attempt should be made 
to dislodge the sequestrum unless it can be 
removed with ease. Since the unhappy ex- 
perience with Case 111, our policy has been 
one of extreme conservatism without mak- 
ing any attempts whatever to remove the 
dead bone until it has become loose enough 
so that it can easily be lifted out with an 
instrument. We believe that premature 
surgical intervention may cause damage to 
periosteum and bone, devitalizing bone 
which might otherwise be saved if it had 
not been traumatized; and that in any 
event the amount of bone to be lost cannot 
be definitely determined until it has been 
demarcated and loosened by the infection. 

Swift? speaks of an involucrum being 
laid down by periosteum and of the danger 
of destruction of viable periosteum if se- 
questrectomy is attempted before the se- 
questrum has become separated. In the 
usual type of osteomyelitis an involucrum 
is formed by the periosteum and is laid 
down around the infected bone so that 
when the sequestrum is removed rigid bone 
remains. Figure 5 illustrates such a process 
following acute osteomyelitis of the mandi- 
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ble. The same type of repair does vot occur, 
however, in osteoradionecrosis. The intense 
external irradiation plus the scattered radi- 
ation due to the high mineral content of 
bone undoubtedly destroys periosteum 
whether in combination with infection and 
trauma or not so that it is incapable of new 
bone production. There was no roentgen 
evidence of involucrum in any of these re- 
ported cases. In Case v the sequestrum did 


Fic. 5. Involucrum surrounding a sequestrum in 
acute osteomyelitis of the mandible. 


not loosen sufficiently to be removed for 
three and one-half years after irradiation, 
and it consisted of the entire thickness of 
the mandible. Yet the patient has no de- 
formity and the function of the mandible 
is normal. Undoubtedly a fibrous union did 
take place between viable bone to bridge 
the defect, but there is no calcification in it. 
Had the necrotic bone been removed before 
that union had become solid, the result 
probably would not have been as satisfac- 
tory. Case u had necrosis for three and one- 
half years without evidence of involucrum 
formation; Case vi for a shorter period. Un- 
doubtedly the sequestrum serves a useful 
purpose in that it acts as a form or frame 
around which fibrous tissue is laid down, 
and when this function has been fulfilled it 
is slowly sloughed away. It should not be 
disturbed until its task is completed. 

Soft tissue abscesses are not an infre- 
quent complication. They occur adjacent 
to the diseased bone, but do not present a 
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serious surgical problem. They can be con- 
trolled by incision and drainage. 


CONCLUSIONS 

These six cases illustrate the three im- 
portant factors in the production of osteo- 
radionecrosis, namely, heavy irradiation, 
trauma, and infection. It can occur follow- 
ing heavy irradiation alone but is probably 
more common if associated with the other 
two factors. Ideally, all remaining teeth 
should be extracted before any radiation 
therapy is instituted. Minimally, the teeth 
in the direct beam of radiation should be 
removed and a period of at least ten days 
should ensue between the extraction and 
irradiation to permit healing in the tooth 
sockets. 

Once osteoradionecrosis has occurred, 
the healing processes are unusually slow. 
The lesion should be handled with extreme 
conservatism with therapy directed to- 
wards keeping the involved area as clean 
as possible. Attempts should not be made 
to remove the sequestrum until it has be- 
come so loose that it can be lifted out with 
forceps. A bony involucrum such as is seen 
in association with acute osteomyelitis does 
not occur, and the sequestrum acts as a 
support around which fibrous union be- 
tween normal bone occurs if the process 
involves the complete thickness of the 
mandible. Otherwise a permanent defect in 
the contour of the mandible may occur. 


SUMMARY 
1. Six cases of osteoradionecrosis are re- 
ported. 
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2. The importance of heavy irradiation, 
infection, and trauma in the pathogenesis 
of the complication is discussed. 

3. A period of at least ten days should 
elapse between the time when teeth are ex- 
tracted and radiation therapy started, to 
permit healing in the tooth sockets. 

4. Therapy should be of the utmost con- 
servatism until the sequestrum has become 
so loose that it can be removed easily with- 
out surgical intervention. 

5. An involucrum in the ordinary mean- 
ing of the word probably does not form. On 
the other hand, there seems to be a fibrous 
union between normal bone. 
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LEUKOSARCOMA* 


By LIEUTENANT COLONEL FRANKLIN B. BOGART 


MEDICAL CORPS, ARMY OF THE UNITED STATES 


in 1908 first called at- 
tention to a group of cases which have a 
marked mediastinal enlargement including 
the thymus gland and a terminal blood 
picture usually classified as an acute 
lymphatic leukemia. There are also en- 
larged superficial lymph glands in various 
parts of the body in most cases and when a 
biopsy is done on one of these glands it is 
usually reported as a lymphosarcoma. At 
autopsy in addition to a lymphoblastic in- 
filtration of the thymus and other glands, 
there is an enlarged spleen and liver with 
lymphoblastic infiltration, enlarged kidneys 
with lymphoblastic infiltration and similar 
involvement of other organs. These cases 
appear to constitute a clinical entity. 

Most reports of these cases have occurred 
in medical literature other than roent- 
genological publications. The thymic en- 
largement frequently produces the first 
symptoms which are severe enough for the 
patient to seek medical aid, and a chest 
roentgenogram will probably be among the 
first examinations done. The roentgenolo- 
gist should, therefore, be familiar with the 
condition so that he can properly evaluate 
the roentgen findings. 

To review the literature covering the 
pathological aspects and all the clinical 
features of these cases is beyond the scope 
of this presentation. A few facts of general 
interest to the radiologist will be reviewed. 
For a complete review of the literature the 
reader is referred to the bibliography, 
particularly in the articles by Margolis,*® 
Isaacs,’ and Friedlander and Foot.‘ Leuko- 
sarcoma may occur at any age. Isaacs’ 
reviewed 15 cases of lymphosarcoma which 
had a leukemic blood picture. The ages 
varied between six and seventy years. Ap- 
proximately one-third of the cases were 
between twenty-one and thirty years of 


age. A review of the cases reported in the 
literature did not show a preponderance of 
the disease in either sex. 

In reviewing the literature it is apparent 
that all cases which are reported do not 
completely conform to Sternberg’s descrip- 
tion. Major,'® Margolis,*:* Craver and 
MacComb,' Haagensen,’ and Friedlander 
and Foot,‘ report cases which conform to 
Sternberg’s description of leukosarcoma. 
Flashman and Leopold* reviewed 107 cases 
reported in the literature which they believe 
should be classified as leukosarcoma, but in 
only 60 of these cases was the primary site 
of invasion the thymic gland, and in many 
of them no thymic tumor was found at 
autopsy. These authors report a case where 
the primary gland involvement was ap- 
parently the retroperitoneal glands of the 
lower right quadrant with later involve- 
ment of other lymph nodes scattered 
throughout the body. At autopsy invasion 
of many vital organs was demonstrated but 
there was no thymic involvement. Evans 
and Leucutia® have expressed the opinion 
that if patients with lymphosarcoma lived 
longer more of them would probably have 
a terminal leukemic blood picture. 

Isaacs’ believes the condition is a pri- 
mary blood dyscrasia and that the other 
changes which occur are secondary. Most 
descriptions of the leukemic blood picture 
which occurs in the terminal phase of the 
disease designate the predominant blood 
cell as a lymphoblast. Isaacs believes that 
the predominant blood cell can be differ- 
entiated from lymphoblasts and other im- 
mature blood cells by staining charac- 
teristics. He designates the cell as a leuko- 
sarcoma cell. 

The symptoms of which the patient 
complains vary considerably and the blood 
picture may be normal when the patient is 


* From the Radiological Branch at Letterman General Hospital, San Francisco, California, 
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first seen. Symptoms reported by various 
authors include: malaise, weight loss (usu- 
ally slight), slight elevation of temperature, 
bleeding (petechiae, hemoptysis, hemat- 
uria, epistaxis, hematemesis, gross bleed- 
ing from the mucous membranes and 
retinal hemorrhages), joint pains, chest 
pains, cough, dyspnea, herpes, toxic ery- 
thema multiforme, diplopia and _ local 
edema. In our second case the respiratory 
distress and the edema of the neck and face 
were marked. 

Margolis,*:* Craver and MacComb,! and 
Friedlander and Foot* review the discus- 
sions in the literature regarding the origin 
of the invading cell in this group of cases. 
Sternberg’’ believed that the large lympho- 
blastic type of blood cell and its infiltra- 
tion in the thymus and other vital organs 
was an essential part of picture in these 
cases. Many of the opinions predicate the 
thymus gland as the origin of the invading 
cell. Margolis,*:* and others, believed that 
the thymic gland is invaded along with the 
other organs and that the cells do not 
represent hyperplasia of the thymic gland 
cells. 

The 2 cases which are reported conform 
to Sternberg’s description as both had 
large thymic tumors. When one case was 
seen the first time he had a marked leu- 
kemia and was far advanced clinically. The 
other case was seen some time before he 
developed the leukemic blood picture and 
was relieved of his dyspnea by treating the 
mediastinal mass with roentgen irradia- 
tion. 

Some of the early workers thought that 
roentgen therapy precipitated the leukemic 
phase of the syndrome. That this is not the 
case is a fact recognized by radiologists and 
by most others who have reported cases 
during recent years. One of the cases being 
reported never received any roentgen 
therapy and ran the same acute course with 
fatal termination as the case who did 
receive roentgen therapy. 

Roentgen therapy is indicated when the 
mediastinal enlargement or other glandular 
masses are Causing circulatory or respira- 
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tory distress. When the patient is seen 
before the leukemic phase of the disease 
and when there is a very large mediastinal 
mass producing embarrassment of respira- 
tion and blocking adequate circulation to 
the head and neck with gross swelling of 
the head and face, the response to roentgen 
therapy is prompt and dramatic. Gross 
reduction in the tumor mass with relief of 
the distress and edema within twenty-four 
to forty-eight hours after the administra- 
tion of 200 r to 400 r should cause the 
radiologist to suspect that he is dealing 
with a leukosarcoma. Roentgen therapy 
does not influence the course of the disease 
which usually terminates fatally in a few 
weeks to a few months. 


CASE REPORTS 


Case 1. The patient, male, white, aged 
twenty-seven, was admitted to Letterman 


General Hospital, March 23, 1944, by transfer 
from another hospital with a diagnosis of acute 
lymphatic leukemia. He gave a history of hav- 
ing an occasional blue spot appear in the sub- 
cutaneous tissue after slight trauma for a period 
of two years but his general health had always 
been good. The patient was inducted into the 
Army August 12, 1943, and maintained his good 
health during his period of basic training. Al- 
though he had never had frequent attacks of 
tonsillitis, he was subject to frequent upper 
respiratory infections and for this reason and 
because his tonsils were greatly hypertrophied, 
they were removed during the last week of 
January, 1944. A blood count made at the time 
of the tonsillectomy, January 27, 1944, showed 
a white blood cell count of 11,950 and hemo- 
globin of g0 per cent. No red blood cell count 
was done. The differential count was poly- 
morphonuclear neutrophiles 75 per cent, lympho- 
cytes 22 per cent, monocytes 3 per cent. The 
examination of the urine was negative. Follow- 
ing this operation, the patient bled for three 
days but not excessively. In the month im- 
mediately following the tonsillectomy, the pa- 
tient complained some of weakness and sore 
throat but continued active military training. 

On March 5, 1944, soon after starting on a 
hike, he had to fall out because of weakness 
and shortness of breath. His outfit was trans- 


ferred to another station where they arrived 
March 12, 1944. The following day, he noticed 
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areas of discoloration beneath the skin which 
were at first pinpoint in size and later greatly 
increased. On the same day, while receiving a 
football: which had been kicked by another 
soldier, he was accidentally struck across the 
and immediately experienced severe 
hemorrhage in the soft tissues about the eyes. 
Because of the marked ecchymosis about the 
eyes and the pain associated with this condi- 
tion, he was admitted to the station hospital on 
his post. 

Examination revealed small but definitely en- 
larged lymph nodes in the axillae and in the 
supraclavicular areas. There was physical and 
roentgen evidence of marked widening of the 
superior mediastinum. The liver and spleen 
were palpable. On admission, the blood count 
showed 208,200 leukocytes, of which 93 per cent 
were agranulocytes. Of the 93 per cent agranulo- 
cytes, 69 per cent were classified as lymphocytes 
and 23 per cent as lymphoblasts. The red blood 
count was 3,510,000 and the platelet count, 
130,000. A sternal puncture done March 16, 
1944, showed an overwhelming increase in the 
number of agranular mononuclear leukocytes 
(lymphoid cells, lymphocytes and lympho- 
blasts) at the expense of normal granulocytic 
and erythroblastic bone marrow. All the mega- 
karyocytes were in a state of regression. There 
was only an occasional nucleated red blood cell. 
The peroxidase stain revealed 99 per cent 
agranulocytes and I per cent granulocytes. The 
differential study of the bone marrow (Wright’s 
stain) showed 38 per cent lymphocytes, 24 per 
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Fic. 1.* Case 1. Posteroanterior roentgenogram of the 
chest, March 23, 1944. There was a large medias- 
tinal mass which measured 14.5 cm. in width at 
the level of the first interspace, anteriorly. 


an occasional eosinophilic myelocyte and an oc- 
casional neutrophilic myelocyte. The other cells 
were all highly undifferentiated, immature cells. 

Examination of the eyes showed, in addition 
to the massive subcutaneous hemorrhage, 
severe hemorrhage and edema of the bulbar 


* Reproduction of roentgenograms by the Letterman General 


cent lymphoblasts (including Rieder cells), Hospital Photographic Laboratory. 
TaB_Le I 
BLOOD COUNT ON CASE I 
Seg- 
Red White imme Other 
Date Blood Blood Hemo- Lympho- Lympho- Platelets 
1944 Cell Cell globin pho- cytes blasts tain 
Count Count 
nuclears 
March 15 | 3,500,000 | 204,000 71% 3 69 23 s (3 Rieder | 130,000 
cells) 
March 20 | 3,500,000 | 280,000 70 % 3 53 26 18 (14 Rieder 
cells) 
March 24 | 2,800,000 | 296,000 8.5 gm. 97 blasts 80 ,000 
March 27 | 2,360,000 | 316,000 | 6.2 gm. 3 97 blasts 
March 28 | 2,570,000 | 408,000 | 8.5 gm. 
March 29 | 3,460,000 | 450,000 | 9.O0gm. 
March 30 | 2,890,000 | 433,000 | 8.0 gm. 3 97 blasts 
April 3 2,460,000 | 310,000 | .§.5 gm. 2 98 blasts 
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subconjunctival tissue. There was one flame- 
shaped hemorrhage along the ‘upper left tem- 
poral vessels of the left eye just above the 
macula. There was ecchymosis of the bulbar 
conjunctiva, severe on the right with edema 
and moderate on the left. The diagnosis made 
was acute lymphocytic leukemia. 

When the-patient was transferred to Letter- 
man General Hospital he showed essentially 
the same findings. The blood count, however, 
showed 296,000 white blood cells, 2,800,000 red 
blood cells and 80,000 platelets; the differential 
count showed three polymorphonuclear cells, 
the remainder being very premature cells 
classed as blasts, probably lymphoblasts, and 
smudges: 

Other blood findings were: negative Kahn 
reaction; negative heterophile antibodies; pro- 
thrombin time 21 seconds with control of 16 
seconds; urea nitrogen 23 mg. per 100 Cc.; 
total protein 5.8 mg. of which 4 mg. was albu- 
min and 1.8 mg. was globulin; bleeding time 2 
minutes and clotting time 7 minutes. The white 
blood cell count reached 433,000 six days before 
death and a few hours before death was 
310,000. In the last count practically all the 
cells were blasts, apparently lymphoblasts. The 
urinalysis at this time was negative, including 
the Bence-Jones test. The chest roentgenogram 
showed a large mediastinal mass which could 
not be separated from the heart and aorta and 
which measured 14.5 cm. in width at the level 
of the first interspace anteriorly. The roentgeno- 
gram also showed moderate infiltration of the 
lung parenchyma at the right base. The pa- 
tient’s clinical course in the hospital was rapidly 
retrogressive with increasing weakness, signs of 
mediastinal compression, and abdominal dis- 
tress, apparently due to the enlarged liver. 
Microscopical blood appeared in the urine 
March 28 and two days later there was gross 
bleeding from the kidneys which continued until 
death. The liver continued to enlarge and before 
death on April 4, 1944, it extended well below 
the umbilicus. During the final stage of the 
disease, the patient became orthopneic, suffered 
increased distress in the upper abdomen, was 
unable to eat because of nausea and vomiting 
and showed signs of moderately increased 
respiratory distress. Except for the mediastinal 
dullness and a few rales at the bases, no physical 
findings were elicited over the chest. Both the 
lower extremities became moderately edema- 
tous. 
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Autopsy Findings. A complete autopsy was 
done by Lt. Col. Harold L. Stewart, M.C. a few 
hours after death on April 4, 1944. The positive 
findings were as follows: 

General: There were petechiae scattered over 
the entire body, most numerous over the chest 
anteriorly. There were also large purpuric 
patches measuring 10 cm. in diameter on both 
arms. Inspection of the mouth showed hemor- 
rhage about the gum lines of the teeth and small 
petechiae of the mucosa of the mouth, tongue, 
and lips. The lymph nodes in the neck, the 
axillae and the inguinal regions were palpable 
and were small, discrete, shotty bodies. It is 
impossible to tell whether the conjunctiva was 
jaundiced or not owing to marked hemorrhage. 

Chest: When the chest cavity was opened, a 
mediastinal mass was encountered which was 
tightly adherent to the sternum. The muscles 
overlying the anterior chest wall were also ad- 
herent to the sternum. Each pleural cavity 
contained approximately 1,100 cc. of brownish 
fluid; both lungs were collapsed and there were 
a few adhesions between the right lung and the 
mediastinum. The mediastinal mass measured 
10 cm. in width and 19 cm. from top to bottom 
and appeared to completely replace the thymus 
gland. The lower portion of the mass was ad- 
herent to the diaphragm. The pericardial cavity 
contained approximately 350 cc. of deep cherry- 
colored blood and the visceral and parietal 
layers of the pericardium were covered by a 
thick fibrinous exudate. The heart, lungs and 
mediastinal tumor were removed in one mass. 
Examination of the mediastinal contents re- 
vealed that the esophagus was somewhat com- 
pressed by the mediastinal tumor but was ap- 
parently not infiltrated or encircled. There were 
numerous enlarged lymph nodes about the 
bronchi. Portions of these lymph nodes were 
hemorrhagic and part were gray in color. The 
aorta was completely encircled by the medias- 
tinal mass and while it was somewhat con- 
stricted, it was not entirely closed off. Several 
of the other great vessels were also encircled and 
constricted. The trachea and bronchi passed 
posterior to the tumor and while pressed upon 
anteriorly, they were not constricted. In the 
right lung, there were numerous nodular areas 
on the pleural surface which dipped into the 
lung tissue for a short distance. These were all 
small, some of them the size of miliary tubercles 
and others larger and less sharply defined. In 
the upper lobe of the right lung, there was a 
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conical-shaped, infarcted-like area which was 
sharply circumscribed, red in color and sur- 
rounded by a slightly gray border. This area 
measured 3 by 1.5 cm. The right pulmonary 
aorta was somewhat constricted but the medias- 
tinal mass and the right pulmonary vein less 
constricted. The left lung also showed nodular 
foci involving the pleura which were most 
numerous at the base. There were also focal 
patches of fibrinous exudate and _petechial 
hemorrhage. The mediastinal tumor extended 
into the root of the left lung involving the 
pleura. The main branches of the pulmonary 
aorta were somewhat constricted where they 
passed from the mediastinum into the left lung. 

Spleen: The spleen weighed 950 gm. and was 
greatly enlarged, the capsule was tense and 
dark red. The cut surface scraped fairly easily. 
No follicles were observed. 

Lymph Nodes: The lymph nodes of the 
mesentery were all palpable and many of them 
were discrete and the largest measured ap- 
proximately 3 cm. in length. The lymph nodes 
about the stomach and pancreas were enlarged 
and replaced by soft gray hemorrhagic tissue. 
Most of these were discrete and the largest 
measured about 3 cm. in diameter. 

Bone Marrow: The bone marrow of the right 
femur formed a solid plug as thick as the finger 
completely filling the bone marrow cavity. A 
great deal of the bone marrow from this bone 
was dark red but parts were gray and yellowish. 
The bone marrow from the sternum was red. 

Liver: The liver weighed 2,500 gm. The ex- 
ternal surface was red and the capsule smooth. 
The cut surface had a brownish cast and the 
markings were indistinct. 

Kidneys: Each kidney weighed 180 gm. and 
both capsules stripped easily leaving a smooth 
surface. The cortex and medulla were swollen 
but well differentiated. The kidney pelves 
showed excessive mucosal hemorrhage. 

Testicles: There were numerous hemorrhages 
in the tunica and on the cut surface of the 
testicles. 

Brain: Examination of the brain showed a 
hemorrhagic area 1.5 by 1 cm. below the cortex 
of the right lateral hemisphere at the lateral 
optic chiasm. The hemorrhagic area was above 
the nuclei and did not show any communication 
with the ventricle. Another hemorrhagic area 
was found in the posterior portion of the brain 
at the level which cut through the horn of the 
right ventricle. This hemorrhagic area measured 
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I cm. in diameter. There were a few other small 
petechial hemorrhages in the occipital lobe. 

The organs showed no significant gross 
changes. 

Microscopic Examination. 

Thymic tumor: Sections of the thymic tumor 
reveal that it was composed of small, irregular, 
loosely arranged nests of neoplastic cells in- 
closed by thin strands of adult stroma contain- 
ing numerous small capillary vessels. No thymic 
tissue was identified. The neoplastic cells were 
small, deeply hyperchromatic and fairly regular 
in size and the cytoplasm was scanty. The 
nucleus tended to be rounded but the outline 
was often irregular and serrated. In many cells, 
the nucleus stained solidly. In others, the 
nucleus was more open but still contained 
numerous chromatin particles, one to three of 
which stood out in sharp relief. Mitotic figures 
were numerous and frequently atypical. There 
was sporadic cellular degeneration and necrosis 
and foci of hemorrhage but on the whole, the 
neoplastic tissue was surprisingly well pre- 
served. 

Bone marrow: Throughout the bone marrow, 
there was extensive hemorrhage. The majority 
of the cells were leukemic cells identical with 
those of a thymic tumor. All of the various 
types of bone marrow cells were identified but 
they were present only in minimal numbers 
having been almost completely crowded out by 
the pronounced leukemic infiltration. 

Lymph nodes: The normal architecture of the 
glands had been destroyed by infiltration of the 
leukemic cells leaving only an occasional follicle. 

Spleen: The follicles were small and scanty. 
The pulp was infiltrated and the sinusoids dis- 
tended with leukemic cells. There were scat- 
tered small foci of myelopoiesis. It was impos- 
sible to definitely identify the cells as mature 
lymphocytes on the basis of stained prepara- 
tions but the appearance of these cells appeared 
to be compatible with a lymphatic type of cell. 

Heart: The small capillaries in the myocar- 
dium were distended with leukemic cells. The 
individual myocardial cells were pale and 
lumpy. There was a pronounced leukemic in- 
filtration on the pericardial surface of the heart 
and this was in turn covered by a shaggy, 
fibrinous exudate. 

Lungs: Sections of the larger bronchi showed 
leukemic infiltration in the submucosa and the 
surrounding connective tissue. Sections of the 
lung revealed pronounced leukemic infiltration 
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Fic. 2. Case 1. Posteroanterior roentgenogram taken 
at time of induction into the Army August 7, 1944. 
No abnormal mediastinal shadows were demon- 
strable. 


of the pleura, the cells being arranged in a sheet- 
like membrane over the surface of the lung. 
Many small capillaries were distended with 
leukemic cells. The larger interstitial septa 
were thickened and edematous and showed 
considerable leukemic cell infiltration. The area 
of infarction which was described in the gross 
findings showed considerable fibrous tissue de- 
posits which would indicate that they were not 
terminal in origin. 

Intestinal tract: In the intestinal tract, there 
was infiltration of leukemic cells in the lymph 
follicles of the intestine and a few petechiae in 
the stomach. 

Liver: There was moderate leukemic infiltra- 
tion in the portal area of the liver and the 
sinusoids were distended with leukemic cells. 

Kidneys: There was pronounced mucosal 
hemorrhage of the pelves. In the wall of the 
pelves and in the surrounding tissues, there was 
leukemic infiltration. A number of the renal 
tubules were dilated and the lining cell appeared 
to be of the low cuboidal type. 

Testicles: The testicles showed fairly large 
leukemic infiltration of the interstitial tissue 
associated with some necrosis and degeneration 
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of the tubules. There was also some hemor- 
rhage. 

Brain: The sections of the brain in the areas 
where gross hemorrhagic changes were noted 
confirmed the presence of a hemorrhage and 
also showed an infiltration of leukemic cells. 
Sections from other portions of the brain 
showed numerous microscopic areas of hemor- 
rhage and leukemic infiltration. 

Skin: Sections through the skin at the site of 
several petechial hemorrhages showed infiltra- 
tion of the blood cells and leukemic cells in the 
subcutaneous tissues. 

The other organs showed no significant 
changes. 


Case 11. The patient, male, Mexican, aged 
eighteen, was admitted to Letterman General 
Hospital, November 17, 1944, because of short- 
ness of breath and weakness. The patient gave 
a history of being under supervision as a cardiac 
patient at a civilian hospital for six years before 
his induction into the Army on October 6, 
1944. During these six years he was reported to 
have had slightly enlarged cervical lymph nodes 
and an apical systolic heart murmur. During 
this six year period he received no special treat- 
ment and was kept under observation and his 
activities were restricted. His induction roent- 
genogram of the chest was reported normal and 
after his physical examination at the time of his 
induction he was assigned to an infantry train- 
ing battalion. When he attempted to engage in 
basic training such as*hikes and grenade prac- 
tice, it became apparent to his squad leader that 
he was unable to participate because of weak- 
ness and shortness of breath. He was examined 
at the dispensary at the direction of his com- 
manding officer and was hospitalized at the 
station hospital of his camp on October 30, 
1944. At this time roentgen examination of the 
chest revealed a large mediastinal mass and 
there were palpable glands in the right and left 
cervical areas associated with considerable 
edema of the neck and face. A biopsy was done 
on one of the cervical nodes and the patient 
transferred to Letterman General Hospital. 

Examination at Letterman General Hospital 
confirmed the presence of the large mediastinal 
mass. Other findings were as follows: Head: 
Eyes—pupils equal, regular, react to light 
and accommodation. Examination of the eye 
grounds showed normal discs, vessels thin, pale 
and not tortuous. Hearing normal. No nasal 
obstruction. Tongue clean. Pharynx normal. 
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Tonsils out. Neck: Universally enlarged and 
full. The jugular veins were prominent but 
there were no unusual pulsations. There were 
palpable masses in the right and left anterior 
cervical areas. These masses varied in diameter 
from 2 to § cm., were smooth and soft and were 
apparently fixed to the underlying structures. 
Thorax: Except for the parasternal dullness 
associated with the mediastinal mass the lungs 
showed no abnormal physical signs. The apex 
beat of the heart was not visible; there was no 
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cent basophiles, 3 per cent eosinphiles, 21 per 
cent lymphocytes and § per cent monocytes. 
The Kahn test was negative and the urinalysis 
was normal. The microscopical diagnosis on the 
biopsy of a cervical node was lymphosarcoma. 

Between November 21 and 30, 1944, roent- 
gen therapy was given to each of two 15 by 15 
fields, which covered the superior mediastinum 
and the lower half of the cervical areas. One 
field was treated daily, alternate fields being 
used. In this way only half of the mediastinum 
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Nov. 18 | 3,870,000 8,500 12.0 64 5 
Nov. 22 | 4,580,000 | 18,700 | 13.5 74 7 
Nov. 23 | 4,310,000 | 13,950 14.5 84 3 
Nov. 27 | 4,020,000 | 4,500 | 13.0 62 10 
Nov. 28 | 3,940,000 | 7,200 | 11.5 76 4 
Nov. 30 | 4,030,000 | 7,100 | 12.5 §2 5 

Dec. 1 | 3,860,000 6,500 | 11.5 58 
Dec. 4 | 4,100,000 | 19,500 | 12.5 37. | 24 
Dec. § | 4,160,000 | 19,700 | 12.0 15 25 
Dec. 6 | 4,060,000 | 19,700 | 12.5 8 16 
Dec. 7 | 4,040,000 | 25,600 | 12.0 5 | 10 
Dec. 15 | 3,900,000 | 19,500 | 10.0 I 6 
Dec. 20 9,000 | 3.0 I I 
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palpable thrill or shock and the rate and 
rhythm was normal. The left border of the 
heart extended beyond the mid-clavicular line. 
There was a systolic murmur at the apex trans- 
mitted to the left axilla. Abdomen: There was 
a scaphoid type of abdomen. The spleen and 
liver were not palpable and no masses could be 
demonstrated. Other systems: Examination of 
the genitourinary tract, the anus and rectum, 
the bones and joints, the muscular system and 
the nervous system did not demonstrate any 
abnormalities. Except for the enlarged cervical 
glands no superficial nodes were found to be 
enlarged. The white blood cell count at this 
time was 8,450, the red blood cell count 
3,870,000 and the hemoglobin 12 grams. The 
differential count showed 64 per cent segmented 
polymorphonuclears, 5 per cent stabs, 2 per 


g| 2 
=| >. $ 
% > | 4 2 | = 
2) fics! E Elles 
sie ~ | = 
3 | 2 21 5 
214 9 4 
11 | 2 
a 20 | 4+ 
3 13 | 4 
1| 3 33 | 6 
5 30 | 7 | 
I 32 | 6 
8 4 «44 | 3 
(12 immature) 
6) 4) 1 54 
5 13 | 48 | 2 | 
I 2 86 | 4 
I 1 96 


was treated each day. Each field received a 
total of 1,000 r. Improvement which followed 
the roentgen therapy was dramatic. After the 
first forty-eight hours, during which 200 r was 
administered to each field, the edema in his 
neck and face was greatly reduced. A roentgeno- 
gram made November 27, 1944, after each of 
two fields had received 600 r, showed almost 
complete disappearance of the mediastinal 
tumor and the edema in the face and neck had 
entirely disappeared. The cervical nodes were 
by this time barely palpable. Chest roentgeno- 
grams made December 11 and 16, 1944, showed 
no masses and the mediastinal shadows were 
thought to be within normal limits. 

On November 18, 1944, the leukocyte count 
was 8,500 and the differential count was normal 
with 64 per cent segmented polymorphonu- 
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Fic. 3. Case 11. Posteroanterior roentgenogram of the 
chest, November 18, 1944. At this time, the pa- 
tient was having marked respiratory distress and 
there was marked edema of the neck and face. 


clears, § per cent stabs, 2 per cent basophiles, 
3 per cent eosinophiles, 5 per cent monocytes, 
and 21 per cent lymphocytes. On November 22, 
1944, the leukocyte count was 18,700 but the 
differential count remained normal. On Novem- 
ber 23, 1944, the leukocyte count was 13,950 
and there were 84 per cent segmented poly- 
morphonuclears, 3 per cent stabs, 2 per cent 
monocytes and 11 per cent lymphocytes. On 
these two days there was slight elevation of 
temperature, the highest recorded temperature 
being 101° F. The blood count then returned to 
normal, being 4,500 on November 27, 1944. 
The leukocyte count on December 1, 1944, was 
6,500. On December 4, 1944, the leukocyte 
count was 19,500 but the differential count was 
normal. The leukocyte count continued to range 
between 19,000 and 24,000 until December 17, 
1944, with a gradual change in the differential 
count. A differential count made December 15, 
1944, showed 1 per cent segmented polymorpho- 
nuclears, 6 per cent stabs, 1 per cent eosinphiles, 
2 per cent lymphocytes, 4 per cent monocytes 
and 86 per cent premature undifferentiated 
cells. These premature cells were described as 
having ameboid movements similar to lymphoid 
cells and only an occasional nucleolus could be 
demonstrated. There was no perinuclear clear 
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zone and the cytoplasm was deep blue. It was 
suggested by the hematologist that these might 
be leukosarcoma cells as described by Isaacs or 
they might be lymphoblasts. At this time the 
total proteins were reported as 5.2 mg. (albumin 
2.6 mg. and globulin 2.6 mg.). About the time 
that the patient’s leukocyte count began to in- 
crease he became more acutely il] and both the 
spleen and the liver became palpable. From 
December 17, 1944, until the patient’s death 
on December 21, 1944, the leukocyte count 
gradually fell and twenty-four hours before 
death was 9,00c. During the last three weeks of 
the patient’s life the red blood cell count 
gradually decreased and twenty-four hours 
before death he had 960,000 red cells and a 
hemoglobin of 3 grams. After the mediastinal 
mass became reduced in size following roentgen 
therapy, it did not recur and the patient suf- 
fered no further respiratory distress. 

Autopsy Findings. Complete autopsy was 
done by 1st Lt. John B. Frerichs, M.C., a few 
hours after death December 21, 1944. The posi- 
tive findings were as follows: 

General: In the right supraclavicular space 
there was a well healed incised scar 2.5 cm. long. 
The skin of the upper chest anteriorly showed 
many brown, apparently scarred areas. There 
was a bruise around the right eye. Scattered 
petechiae were visible in the skin and these 
were by far more numerous over the lower legs 
than anywhere else. 

Chest: When the chest was opened some 
extravasations of blood were seen in the thoracic 
muscles. The left pleural cavity contained 350 
cc. of bloody fluid. The right pleural cavity 
contained 1,100 cc. of similar fluid. The peri- 
cardial cavity contained the normal amount of 
fluid, which was not bloody. There were huge 
numbers of scattered and sometimes confluent 
petechial hemorrhages beneath the visceral 
pericardium. The entire ventral mediastinum 
was occupied by a flat mass of pale grayish-tan 
tissue. The weight of this mass of tissue with 
some shreds of adherent tissue was 150 gm. 
The superior part of the mass was thymus and 
was approximately normal in size and shape, 
although on section thymic lobulations were not 
visible with normal clarity and hardly any fat 
was present. The inferior part of the mass pre- 
served the same roughly lobulated shape of the 
thymus but reached down to cover the entire 
ventral parietal pericardium and extended out 
slightly to the sides from here. This was all that 
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was left of the huge mediastinal tumor which 
caused the patient’s presenting complaints. At 
autopsy, this mass did not obstruct the trachea 
or blood vessels. 

The pleura was smooth and transparent. The 
hilar lymph nodes were enlarged. The lower lobe 
of the right lung showed moderate atelectasis. 
The lungs showed no other gross changes. The 
myocardium showed numerous hemorrhagic 
areas both in the right and left ventricles but 
there were no other noteworthy changes. Some 
of the branches of the great vessels were sur- 
rounded by the remains of the tumor mass but 
there was no compression of any of these vessels. 

Abdomen: The abdominal cavity contained a 
small amount of free fluid but no adhesions. 
The peritoneum was smooth and transparent 
and hemorrhagic areas were visible in the 
retroperitoneal tissue. 

Spleen: The spleen was moderately enlarged 
and weighed 300 gm. The shape of the organ 
was normal and the capsule was smooth and 
free from adhesions. Throughout the capsule 
there were visible numerous reddish colored 
firm areas which varied in size from 0.2 to 0.8 
cm. in diameter. On section, the spleen was pale 
reddish-tan in color. Malpighian bodies were 
not visible with normal prominence. There were 
numerous small hemorrhagic areas scattered 
throughout the spleen and many tiny faintly 
brownish areas in the substance of the spleen. 

Lymph nodes: Lymph nodes in the axillae, 
groins, neck, thorax and abdomen were en- 
larged. They varied in diameter from 1 to § cm. 
None of the lymph nodes showed normal archi- 
tecture. They appeared to be made up of a pale 
grayish-tan and rather homogeneous looking 
tissue. 

Bone Marrow: The bone marrow was in- 
spected in many different vertebrae, many ribs 
and in the sternum. It appeared red in color but 
was somewhat paler than normal. In the femur 
no fat was found but rather a grayish and 
reddish marrow. 

Stomach: There were numerous petechiae in 
the mucosa of the stomach. The gastric mucosa 
seemed to be unbroken. No other significant 
changes in the stomach were seen. 

Intestines: The intestines were dark in color. 
Occasional petechiae were found which in- 
volved the mucosa and serosa. Three feet above 
the ileocecal valve, a Meckel’s diverticulum 
was found. The diverticulum measured 7 cm. 
long and 3 cm. in diameter and was roughly 
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Fic. 4. Case 1. Posteroanterior roentgenogram of the 
chest, November 28, 1944. In the preceding seven 
days, the patient had received 600 r to the medias- 
tinum. The mediastinal mass has almost com- 
pletely disappeared as well as the small amount of 
infiltration at the bases. 


cylindrical in shape. Near the blind end another 
small diverticulum arose from the main one. 
This second diverticulum was roughly round 
and was attached to the main diverticulum by 
a thin stalk and was only 0.2 to 0.3 cm. in 
diameter. Except for a few petechiae, the colon 
was negative. 

Liver: The liver was definitely enlarged, 
weighing 2,035 gm.; its shape was normal. The 
capsule was delicate and transparent. On sec- 
tion, hepatic lobulations were easily visible and 
were uninterrupted anywhere in the liver. The 
periportal spaces were all moderately and dif- 
fusely thickened and presented a hyalin gray 
appearance. The central parts of the liver 
lobules were a light tan in color. 

Kidneys: The kidneys were normal in size 
and shape. The only abnormal aspect was a 
hemorrhagic nodule of tissue 2 cm. in diameter 
in the upper pole of the left kidney. The capsule 
stripped with moderate difficulty and the sur- 
face was smooth, although little reddish eleva- 
tions above it were visible from place to place. 
On section, normal renal markings were visible 
in most places but there were many grayish, 
indefinitely outlined zones within which the 
renal striae could not be seen. The cortical and 
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Fic. 5. Case 1. Posteroanterior roentgenogram of the 
chest, December 11, 1944. This remains essen- 
tially normal although the patient was at this 
time growing progressively weaker as the blood 
dyscrasia progressed. 


medullary proportions were about normal. The 
renal pelvis was empty and normal in size, but 
there was rather diffuse submucosal pelvic 
hemorrhage. 

Other organs: The other organs, including the 
central nervous system, the adrenals, the thy- 
roid, the testes, the prostate and the bones, did 
not show any significant changes. 

Microscopic Examination. 

Thymic tumor: Sections showed many small 
lymphocytes with deeply basophilic dense nu- 
clei and scanty cytoplasm and an approximately 
equal number of large cells with more cyto- 
plasm. In some of the larger cells, a nucleolus 
was present and mitotic figures were not infre- 
quent. 

Bone marrow: Bone marrow from the ster- 
num, ribs, vertebrae and femur showed a very 
cellular narrow structure in which the great 
majority of the cells were lymphoid. Some of 
the cells were definitely megakaryocytes, more 
or less pyknotic. 

Spleen: There were several areas of infarction 
where the structures stained poorly and which 
contained an infiltration of red blood cells and 
precipitated protein. Several fields showed an 
extravasation of leukocytes through small 
blood vessel walls. Some of the sinusoids were 
packed with large mononuclear-like cells which 
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were hyperchromatic and deeply basophilic. It 
could not be determined whether these cells 
were lymphoblasts or some other type of pre- 
mature leukocytes. 

Lymph nodes: The normal architecture of the 
glands was destroyed and cells similar to those 
found in the spleen were infiltrated throughout 
the glands. 

Heart: There was an infiltration of lympho- 
blasts throughout the myocardium and in some 
portions of the epicardium. The myocardium 
also contained scattered petechiae. 

Lungs: There were scattered areas of atelec- 
tasis in the right lung and numerous areas of 
lymphoblastic infiltration throughout both 
lungs and in the pleura. 

Intestinal tract: There were numerous patches 
of stomach and intestine wall which showed 
infiltration with lymphoblasts and others in 
which red blood cells were infiltrated. 

Liver: The liver showed extensive lymphatic 
leukemic infiltrations best seen around the 
periportal spaces. There was also marked 
central lobular atrophy and some necrosis. 

Kidneys: The nodule in the upper pole of the 
left kidney consisted of extravasation of many 
lymphoblasts and red blood cells and a few 
monocytes and polymorphonuclear cells. Pete- 
chial hemorrhages and small areas of lympho- 
blastic infiltration were scattered throughout 
both kidneys. The tubules contained much 
precipitated protein. 

Skin: The heavily pigmented areas on the 
chest showed an infiltration of lymphoblasts 
and red blood cells in the subcutaneous tissue. 

Other organs: Other organs, including the 
central nervous system, the adrenals, the thy- 
roid, the testes, the prostate and the bones did 
not show any significant changes. 


SUMMARY 


Cases which conform to Sternberg’s 
description and which have been designated 
as leukosarcoma constitute a clinical entity. 
Early in the course of the disease they have 
palpable lymph nodes, may show petechiae 
and soon develop a mediastinal tumor 
which involves the thymus. This mediasti- 
nal mass frequently causes respiratory 
distress and produces edema of the face and 
neck by blocking the return flow of blood 
and lymph. A biopsy on one of the lymph 
glands is usually diagnosed as lympho- 
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sarcoma. The disease runs a rapid course 
and in the terminal phase the blood picture 
changes from normal to that of an acute 
lymphatic leukemia. The disease terminates 
fatally in a few weeks to a few months. 

The shortness of breath resulting from 
the mediastinal mass may be one of the 
symptoms which leads the patient to con- 
sult a doctor and the radiologist may have 
an opportunity of suggesting the clinical 
diagnosis before the blood changes occur. 
If the mediastinal mass recedes rapidly or 
almost disappears after roentgen treat- 
ment with a few hundred roentgens the 
diagnosis of leukosarcoma is likely. 

Some reports in the literature would 
suggest that a similar syndrome may occur 
in which groups of glands other than those 
in the mediastinum may be primarily in- 
volved. 

Some of the early writers on this subject 
thought that there was a primary tumor of 
the thymus in these cases but the work of 
Margolis,®:* and of others, would indicate 
that the thymus gland is infiltrated with 
the lymphoblastic cells as are other organs. 

Two cases are reported which conform to 
Sternberg’s description. 
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ROENTGEN THERAPY FOR MALIGNANT 
TERATOMA OF THE TESTIS* 


By RAYMOND J. SCHEETZ, M.D.+ 
Fellow in Radiology, Mayo Foundation 
and 
EUGENE T. LEDDY, M.D. 

Section on Therapeutic Radiology, Mayo Clinic 

ROCHESTER, MINNESOTA 


E REGARD it as a mistake to apply 

the term “teratoma” indiscriminately 
to all tumors of the testis, because teratoma 
of the testis is a specific pathologic entity. 
It is a tridermic tumor, one or more of 
whose components may undergo a malig- 
nant change. We also think that much of 
the confusion in the literature about this 
tumor is due to the fact that the authors 
were not writing about the same entity but 
were confusing testicular tumors in general 
with this lesion. Some authors believe that 
all the common tumors of the testis are 
fundamentally teratomatous in origin and 
therefore group them under the term “‘tera- 
toma.” Others feel that seminoma, at least, 
is a different and distinct entity and prefer 
to use the term “teratoma” to designate 
tumors which contain tissues derived from 
more than one germ layer. Furthermore, 
there is a tendency, when computing sur- 
vival rates, to group all varieties of tumors 
of the testis together; consequently, it is 
impossible to determine to what extent ir- 
radiation has been of value in each or any 
variety of tumor from a review of the litera- 
ture. 


INCIDENCE 


In 14.8 per cent of 142 cases of tumor of 
the testis reported by Cabot and Berkson,! 
the tumor was a malignant teratoma. If one 
accepts the estimate that 1 of every 1,500 
consecutive males who are admitted to a 
hospital will have a tumor of the testis, it is 
evident that 1 of every 10,000 males who 
are admitted to a hospital will have a ma- 
lignant teratoma of the testis. 


MATERIAL 


This paper is based on 54 cases of malig- 
nant teratoma of the testis that have been 
observed at the Mayo Clinic. In all of these 
cases, the diagnosis was made by histo- 
pathologic examination of a specimen of 
the tumor by Dr. A. C. Broders of the Sec- 
tion on Surgical Pathology. In 17 of the 54 
cases, the patients had received treatment 
for the tumor before they came to the 
Clinic. In most of the 17 cases, the involved 
testis had been removed. We wish to em- 
phasize that in all of the 17 cases specimens 
of the original tumor were examined by Dr. 
Broders. An aspiration biopsy was not per- 
formed in any case in this series. The 
surgeons who operated on the patients be- 
lieve that orchectomy should be performed 
in every case in which there is a strong sus- 
picion that the patient has a tumor of the 
testis. 


ETIOLOGY 


Kew positive statements can be made 
about the cause of malignant teratomas of 
the testis. Since these tumors usually de- 
velop during the period of greatest sexual 
potency, it has been thought that there 
possibly is some relation between sexual 
function and the development of the tumor. 
A history of trauma can be obtained in from 
10 to 30 per cent of cases of teratoma but it 
is doubtful whether trauma has any etio- 
logic significance. It does, however, serve 
to call attention to a pre-existing malignant 
lesion. It also is reasonable to assume that 
severe trauma may be a factor in the dis- 
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semination of malignant cells. Likewise, 
antecedent infection, such as gonorrhea, 
syphilis, mumps and epididymitis, does not 
seem to be an important etiologic factor. 

It is generally accepted that cryptor- 
chism tends to favor the development of 
malignant tumors of the testis. In all of the 
cases in this series, the involved testis was 
situated in the scrotum. In 1 of the cases, 
however, the tumor developed nine years 
after orchidopexy had been performed. In 
cases of teratoma, the etiologic role of 
cryptorchism is less significant than it is in 
cases of seminoma. 

Figure 1 is a graphic representation of 
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Fic. 2. Adenocarcinoma of the seminoma type. 


epithelium into three main groups: (1) tera- 
tomas, (2) adenocarcinomas of the semi- 
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Fic. 1. Incidence of teratoma and seminoma accord- 
ing to age of patients. 


the ages of the patients in this series of cases 
of teratoma and in a group of 103 cases of 
seminoma reported by Nash and one of us 
(KE. T. L.).7 It will be observed that the 
maximal incidence of teratoma occurs 
earlier in life than does the maximal inci- 
dence of seminoma. In the series of 54 cases 
of teratoma, the youngest patient was fif- 
teen years of age and the oldest patient was 
fifty-nine years. In more than half of the 
cases ($4 per cent) the patients were in the 
third decade of life and in 50 cases (93 per 
cent) the patients were between fifteen and 
thirty-nine years of age. ea 


Fic. 3. Gross appearance of a malignant teratoma of 
the testis. This tumor contains both cystic and 
Broders divided tumors of the seminal solid regions. 


PATHOLOGY 
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Fic. 4. Adenocarcinoma in teratoma 
of testis (X95). 


noma type (Fig. 2) and (3) adenocarci- 
nomas of the testis. The teratomas were 
subdivided into two subgroups: benign 
teratomas and malignant teratomas (Fig. 
3 and 4). The tumors which comprise these 
three main groups display characteristic 
pathologic features which warrant their 
classification in separate groups. Whether 
these tumors originate from the same 
source or from different sources is not par- 
ticularly important as far as the usefulness 
of this classification is concerned. We feel 
that this classification is sufficiently in- 
clusive to embrace all common varieties of 
malignant epithelial tumors of the testis. 
Further subdivision would seem to be 
superfluous, unnecessary and, in most 
cases, impossible. 

A teratoma is a composite mass of cells 
derived from more than one germinal 
layer, and in many instances it includes 
cells from all three layers. Many patholo- 
gists have held that it is not a tumor in the 
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strict sense of the word but rather an abor- 
tive attempt at the formation of another 
individual. Teratomas may occur not only 
in the testis but also in the ovary, the roof 
of the mouth, the sacrum, the brain, the 
orbit, the mediastinum and, in fact in al- 
most any tissue in the body. Nothing is 
known about how teratomas originate but 
the two most likely sources of malignant 
teratomas of the testis are totipotent sex 
cells, varying in age from primitive sex 
cells to nearly adult sex cells, and dislocated 
somatic blastomeres. These tumors usually 
arise in the rete testis but some probably 
arise in the tunica albuginea. 

A malignant teratoma may be very small 
and be situated in the substance of the 
testis or it may be the size of a large grape- 
fruit. Grossly, malignant teratomas are 
yellowish white and contain regions of 
necrosis and hemorrhage. Tortuous veins 
usually are visible on the surface. Until late 
in the course of the disease, the shape of 
the testis usually is about normal and the 
tunica is seldom invaded. Any remaining 
testicular tissue is frequently stretched out 
over the tumor tissue into a thin band. On 
cut section, the growth consists of alter- 
nate cystic and solid regions (Fig. 3). 

Microscopically, the outstanding char- 
acteristic of this tumor is the varied ap- 
pearance of its different portions. While in 
some sections one malignant tissue may 
have replaced or overgrown other tissues, 
if enough sections are studied one can usu- 
ally identify structures from all the germ 
layers. In general, the tumor consists of 
embryonal structures arranged in such 
confusion as to eliminate any resemblance 
to an embryo. From the ectoderm one may 
find islands of squamous epithelium, neuro- 
epithelial tissue, enamel organs, teeth, and 
cysts lined with squamous epithelium. By 
far the greatest amount of the tumor tissue 
originates from the meosderm. It is repre- 
sented by cellular connective tissue, fibro- 
myxomatous tissue, osteoid tissue, smooth 
muscle and embryonal cartilage. The last- 
named-tissue is particularly common. Aris- 
ing from the entoderm one may find glands 
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lined with columnar epithelium, some of 
which may contain goblet cells. Some cysts 
are lined with columnar and cuboid epithe- 
lium while others may be filled with a 
colloidal material which resembles that 
found in a goiter. Although it is possible for 
any type of tissue to undergo a malignant 
change, by far the greatest incidence of 
neoplastic change is in tissue derived from 
the hypoblastic layer. 

Table 1 shows the type of malignant 
lesion that was present in this group of 
cases. It might be mentioned in passing 
that in 5 cases the tumor was classified 
merely as a malignant teratoma. In these 
cases the available material was not suffi- 
cient to enable Dr. Broders to make a more 
specific histopathologic diagnosis, but ma- 
lignant teratomatous elements were defi- 
nitely present. 

A malignant teratoma of the testis prob- 
ably metastasizes in the same manner as a 
seminoma. The metastasis of seminomas 
of the testis has been described in detail by 
Nash and one of us (E.T.L.). Metastasis 
may occur by one or more of the following 
routes: (1) by the lympatics of the sper- 
matic cord, (2) by the lymphatics of the 
scrotum and (3) by the veins. The most 
frequent sites of the metastatic lesions are 
as follows: (1) para-aortic lymph nodes, (2) 
supraclavicular lymph nodes, (3) peri- 
bronchial lymph nodes, (4) inguinal lymph 
nodes and (5) bone. Metastasis tends to 
occur soon after the tumor undergoes a 
malignant change. In cases of malignant 
teratoma, metastatic involvement of the 
peribronchial lymph nodes occurs more 
frequently and possibly earlier than it does 
in cases of seminoma. 

The histopathologic appearance of the 
metastatic lesions is similar to that of the 
most malignant portion of the primary 
tumor but it is not uncommon for the met- 
astatic lesions to have several of the char- 
acteristic features of the primary tumor. 


SITE OF TUMOR 


In this series of 54 cases, the site of the 
tumor was as follows: the right testis in 28 
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cases and the left testis in 26 cases. No 
instance of bilateral tumor was encountered 
in this series of cases. 


SYMPTOMS 


A painless swelling of the testis was the 
initial symptom in 68 per cent of the 54 
cases. In many cases, it was impossible to 


TABLE I 


TYPE OF MALIGNANT LESION IN TERATOMA 


ype of Lesion Cases 
42 
Adenocarcinoma and sarcoma 2 
Adenocarcinoma and epithelioma I 
Sarcoma 3 

| 
Adenocarcinoma and fibromyxosar- 
coma interatomaand seminoma | I 
Not specified 
Total $4 


* Available specimen was not large enough to permit a more 
definite diagnosis but there was definite evidence of a malignant 
change. 


ascertain how long the swelling had been 
present. Many of the patients said that the 
swelling had developed from a few days to 
a few years after the testis had been injured. 
One patient said that the involved testis 
always had been abnormally large. Some 
patients said that the enlargement had 
ceased temporarily and that the size of the 
testis had remained stationary for a long 
time but that it subsequently had increased 
rapidly. 

The tumor may be very small and be 
buried in the substance of the testis; on the 
other hand, the involved testis may be as 
large as a fetal head. In 13 of the 37 cases 
in which the tumor had not been treated 
previously, the involved testis was the size 
of an orange when the patients were exam- 
ined at the Clinic, and in 11 cases it was 
enlarged slightly. In this era of cancer con- 
sciousness, it seems incredible that a pa- 
tient would allow a testis to become as 
large as a grapefruit before he consulted a 
physician, but this did happen in 6 of the 
37 cases. 
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In this series of 54 cases, it was difficult 
to determine how long the symptoms had 
been present. Some huge tumors were 
alleged to have been present for only a few 
weeks while some tiny ones were said to 
have been present for several years. In 1 
case in which the involved testis was as 
large as an orange, the patient came to the 
Clinic because of “arthritis” and he was 
not at all concerned about the mass in his 
scrotum; in fact, he could not state accu- 
rately how long it had been present. We are 


TaB_e II 


SITE OF METASTATIC LESIONS IN SEVENTEEN 
CASES OF MALIGNANT TERATOMA 
OF THE TESTIS 


Site of Metastasis Cases 
Para-aortic lymph nodes 13 
Supraclavicular lymph nodes 7 
Peribronchial lymph nodes 6 
Inguinal lymph nodes 5 
Bone I 


convinced that there is no relation between 
the size of the involved testis and the dura- 
tion of symptoms as stated by the patient. 

In 7 cases the initial symptoms were ref- 
erable to metastatic lesions. This would 
seem to indicate that malignant teratomas 
tend to metastasize early, often before the 
patient is aware that the testis is the seat of 
serious trouble. This is one of the features 
that has led to the discouraging outlook in 
cases of teratoma of the testis. 

Painful testis was the only symptom in 3 
cases; in § other cases, pain was associated 
with swelling of the testis. In 8 additional 
cases, the patients complained of painful 
testis when they sought medical advice; 
therefore, testicular pain was a prominent 
symptom in 16 cases. Pain occurs more fre- 
quently in cases of malignant teratoma 
than it does in cases of seminoma. 

Many other symptoms were present by 
the time the patients consulted a physician. 
One of the commonest symptoms was drag- 
ging pain in the groin on the involved side, 
and this often was accompanied by pain in 
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the lower part of the back. In many in- 
stances, this pain was due to the increased 
weight of the diseased testis. 

In 17 of the 37 cases in which the tumor 
had not been treated previously, there was 
clinical evidence of metastasis when the 
patients were examined at the Clinic. The 
site of the metastatic lesions in these cases 
is shown in Table 1. Multiple metastatic 
lesions were present in several cases. 

The symptoms of metastatic involve- 
ment of the para-aortic lymph nodes have 
been ably described by Desjardins‘ and 
have been considered by Nash and one of 
us (E.T.L). Involvement of these lymph 
nodes frequently produces a dull aching 
pain in the back, which often is called 
“lumbago” by the patient. The pain may 
extend into the hip or leg and is thought to 
be due to sciatica. Bloating, belching, full- 
ness in the abomen after meals and consti- 
pation commonly are encountered after 
the para-aortic nodes have become in- 
volved. When the epigastric nodes are the 
seat of secondary deposits, symptoms refer- 
able to the abdominal viscera may occur so 
suddenly as to simulate an acute surgical 
disease. 

Desjardins has pointed out that, al- 
though it is sometimes difficult to be certain 
of metastatic involvement of the para- 
aortic lymph nodes, in many cases a diag- 
nosis can be made on the basis of history 
and the physical signs. When a definite 
mass cannot be palpated, only deep ab- 
dominal resistance may be found and pres- 
sure by the examiner’s hand on this vague 
resistance frequently elicits tenderness 
which is not found when similar pressure 
is made on a normal abdomen. When the 
metastatic tumor has become sufficiently 
large, it may easily be palpated as a smooth 
or irregular, firm, immobile mass, most of- 
ten lying on the side of the abdomen corre- 
sponding to the diseased testis, or lying 
toward the midline in the epigastric region. 
In certain cases, roentgenography and urog- 
raphy also may give definite indications 
of metastasis to the para-aortic lymph 
nodes. 
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Metastatic involvement of one or more 
of the supraclavicular lymph nodes is the 
forerunner of metastatic involvement of 
the peribronchial lymph nodes and is sec- 
ondary to involvement of the thoracic duct. 
Enlargement of one or more of these nodes 
is important. In any case in which the 
patient is a man, such enlargement should 
be considered an urgent indication for the 
examination of both testes. In cases of 
teratoma, involvement of the supraclavicu- 
lar lymph nodes occurs much more fre- 
quently and earlier in the course of the 
disease than it does in cases of seminoma. 

Enlargement of the inguinal lymph 
nodes is not definite evidence of metastatic 
involvement of these nodes in cases of tera- 
toma of the testis. The diagnosis of met- 
astatic involvement of the inguinal lymph 
nodes should be supported by conclusive 
evidence that the tumor actually has in- 
volved the capsule of the testis and by 
biopsy of an enlarged lymph node. 

In the case in which the tumor had me- 
tastasized to bone, the patient complained 
of pain in his left hip. Roentgenographic 
examination revealed a destructive lesion 
of the pubis and ischium on the left side. 
Operation disclosed an adenocarcinoma, 
Grade 4, in a teratoma of the right testis. 

In 5 cases, the breasts were enlarged and 
tender. This change is due to an actual 
proliferation of the mammary tissue which 
apparently is stimulated by gonadotropic 
substances in the primary tumor or in the 
metastatic lesions. 

In 28 of the 37 cases in which the tumor 
had not been treated previously, the in- 
volved testis was hard or firm. In 1 of the 
37 cases, the involved testis felt normal. In 
2 cases the tumor was cystic, and in 2 other 
cases the involved testis was hard and 
nodular. The involved testis usually was 
heavier than its normal mate. Although 
pain in the testis was a common symptom, 
palpation of the involved testis seldom dis- 
closed tenderness. 

A hydrocele was present in 7 of the 37 
cases. A varicocele was present in 2 cases; 
in 1 of these cases, a hydrocele also was 
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present. In only 1 case did the tumor trans- 
mit light and, in this case, light was trans- 
mitted poorly. 


DIAGNOSIS 


Although there are certain clinical dif- 
ferences between malignant teratomas and 
other tumors of the testis, particularly 
seminomas, the only way in which a defi- 
nite diagnosis can be made is by histopatho- 
logic examination. The most frequent diag- 
nostic error in any case of tumor of the 
testis is the failure to consider that a tumor 
might be present. A few of the diseases 
that may be confused with a tumor of the 
testis are tuberculous epididymitis, hydro- 
cele, hernia, gumma of the testis and hema- 
tocele. The finding of a firm, smooth or 
nodular scrotal mass that is about the same 
shape as a normal testis and does not in- 
volve the epididymis should cause one to 
suspect that a tumor of the testis is present. 

No article on tumors of the testis would 
be complete unless one mentioned the diag- 
nostic and prognostic significance of the 
excretion of gonadotropin in the urine. The 
literature on this phase of the subject is 
very confusing. Different authors have used 
different units to express the amount of 
this substance that was present in the urine, 
and in some articles the gonadotropin in 
the urine was not determined quantita- 
tively. We agree with the conclusion pre- 
viously reached by Nash and one of us 
(E.T.L.); namely, that the value of the 
tests for gonadotropin is decidedly limited 
for the following reasons: 

From the diagnostic standpoint, one 
cannot confidently predict the histopatho- 
logic type of testicular tumor on the basis 
of either the quantitative or qualitative 
determination of gonadotropin in the urine. 
Furthermore, failure to demonstrate ab- 
normal amounts of urinary gonadotropin 
is not conclusive evidence that a testicular 
tumor is not present. 

2. From the prognostic viewpoint, one 
cannot exclude metastasis because an ex- 
cessive amount of gonadotropin is not de- 
termined in the urine. It should be men- 
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tioned, however, that the presence of 
chorionic gonadotropin in the urine is usu- 
ally a bad sign and that in cases in which 
a large amount of this substance is excreted 
the prognosis usually is unfavorable. 

3. The test is too expensive and complex 
to be used elsewhere than in large institu- 
tions. 

THERAPY 

The surgical treatment of malignant 
tumors of the testis is extraneous to our 
field. In different reports, the variation in 
the percentage of patients who lived five 
years after operation is difficult to explain. 
Variations and improvements in surgical 
treatment make a statistical analysis of 
such treatment very difficult. Although 
roentgen therapy has had a tendency to 
limit the use of radical operation in cases of 
malignant tumor of the testis, the exact 
status of surgical treatment and roentgen 
therapy in cases of malignant teratoma of 
the testis is very indefinite. As far as we 
have been able to determine, most Ameri- 
can surgeons prefer simple orchectomy to a 
more radical operation. 

In cases of tumor of the testis observed 
at the Clinic, treatment usually consists of 
simple orchectomy followed by roentgen 
therapy. The treatment, of course, is modi- 
fied to fit the needs of the individual pa- 
tient. Except in unusual cases or in cases in 
which the patients are observed late in the 
course of the disease, simple orchectomy is 
performed, regardless of whether metastasis 
has occurred. Orchectomy permits histo- 
pathologic examination of the tumor and 
eliminates such local complications as in- 
fection of the tumor. It also removes one 
source of metastasis. After the patients 
have recovered from the operation, roent- 
gen therapy is employed. 

Roentgen Therapy. The literature on 
roentgen therapy of malignant tumors of 
the testis is very confusing. In most of the 
reports, all tumors of the testis have been 
classified as teratomas. As we have stated 
previously, a teratoma is a specific disease 
entity and should be classified separately. 
In reports in which roentgen therapy of a 
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malignant teratoma of the testis was men- 
tioned, we could not be absolutely certain 
that the lesion thus designated was the 
same as the one which forms the basis of 
this paper. 

Leddy and Desjardins® and Nash and 
Leddy’ have described the technique of 
roentgen therapy of tumors of the testis. 
Some roentgenologists apply the roentgen 
rays to an inguinal field or to an abdominal 
field and do not irradiate above the dia- 
phragm unless there is definite evidence 
that metastasis has occurred at this site. 
Other authors routinely irradiate the ab- 
domen and thorax. Lumbar and sacral 
fields commonly are used in cases of malig- 
nant teratoma but seldom are employed 
in cases of seminoma. A total dose of 500 
to 4,000 r has been applied to each field. 
Most roentgenologists prefer to use poten- 
tials of about 200 kv., but 130 to 1,000 kv. 
have been used. The dosage is} another 
problem that has not been settled. 

Preoperative Roentgen Therapy. The 
question of the value of preoperative roent- 
gen therapy has caused considerable con- 
troversy among roentgenologists. The pro- 
ponents of this type of treatment claim 
that operation may cause metastasis and 
that preoperative roentgen therapy may 
seal off the lymphatics and prevent me- 
tastasis. The opponents of preoperative 
roentgen therapy maintain that orchectomy 
will not cause metastasis if the spermatic 
cord is clamped at the external inguinal 
ring and that it will effect a cure if metas- 
tasis has not occurred before the operation 
is performed. 

Dean® said that he never had observed 
local recurrence of the tumor in cases in 
which roentgen therapy was employed be- 
fore orchectomy was performed. It is well 
known, however, that the tumor is very 
likely to recur if it has been incised to ob- 
tain a section for microscopic examination. 
Careful attention to the surgical technique 
should greatly reduce the possibility of 
local recurrence or eliminate it entirely. 

The most convincing argument in favor 
of preoperative roentgen therapy is that it 
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apparently has a tendency to increase the 
percentage of patients who live for five 
years after operation. Dean* reported that 
the five year survival rate was 22 per cent 
greater in cases in which preoperative irra- 
diation was employed than it was in cases 
in which irradiation was not employed. 
Randall and Chamberlain® said that the 
five year survival rate was 35 per cent bet- 
ter in cases in which preoperative irradia- 
tion was employed but they were not 
specific about the type of testicular tumor 
that was present. It is obvious that the 
relative incidence of radiosensitive and 
radioresistant tumors will materially affect 
the survival rates, regardless of whether 
roentgen therapy is employed before or 
after operation. 

It has been alleged that preoperative 
irradiation is time consuming and that the 
constant trauma resulting from the pa- 
tient’s moving about during the period of 
treatment may cause metastasis. 

In cases in which orchectomy is _per- 
formed before irradiation is employed, the 
pathologist has an opportunity to examine 
the tumor before it has been modified by 
treatment. This is very important from 
the standpoint of differential diagnosis. 
According to Dean,?* and Randall and 
Bothe,® a definite diagnosis cannot always 
be made by microscopic examination in 
cases in which the tumor has been modified 
by irradiation. 

That a gummatous or a_ tuberculous 
testis has on occasion been irradiated as a 
result of a mistaken diagnosis of tumor is 
within the realm of possibility. In cases in 
which there is no evidence of metastatic 
lesions and in which the amount of gonado- 
tropic hormone in the urine is within nor- 
mal limits, one might never be certain of 
the diagnosis after preoperative irradiation. 
We think that the importance of a correct 
diagnosis goes far beyond the mere con- 
sideration of whether one’s records are 
accurate or not; it will determine the 
future course of the treatment and will 
have an outstanding influence on the prog- 
nosis. 
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Within a short period after roentgen 
therapy first was used in cases of tumor of 
the testis, it became obvious to many 
observers that true malignant teratomas 
are much less susceptible to the action of 
roentgen rays than are seminomas. This 
fact was noted by Desjardins, Squire and 
Morton,® who stated that “testicular tu- 
mors of the mixed or teratoid type are influ- 
enced much less [than seminomas] by 
roentgen or radium rays. Moreover their 
susceptibility is a measure of the degree of 
epithelial preponderance in the cellular 
composition of such neoplasms. When car- 
tilaginous, myxomatous or fibrous tissue is 
an important feature the influence of irra- 
diation is light or nil. True teratomas re- 
main practically unaffected by irradiation.” 

The experience of roentgenologists in the 
past few years and the results which have 
been reported bear testimony to the ac- 
curacy of these remarks. Although most 
authors have grouped all types of testicular 
tumors together in computing survival 
rates, many have commented on the resist- 
ance of teratomas to the roentgen rays. 
Thus Smith, Dresser and Mintz" have 
noted that “some tumors, chiefly of the 
teratoma type were extremely resistant to 
roentgen ray therapy; their metastases 
changed very little in size even after as 
much irradiation as the skin would stand.” 
Rosenblatt, Grayzel and Lederer'® recently 
reported a series of testicular neoplasms 
and stated that, despite vigorous post- 
operative roentgen therapy and the ab- 
sence of metastasis when the patients were 
admitted to the hospital, all of their pa- 
tients who had heterologous tumors died 
within three years after the onset of symp- 
toms. Ironically enough, 1 patient who 
was treated by orchectomy alone was living 
and well seven years after operation. On 
the brighter side of the picture, it must be 
acknowledged that irradiation has mate- 
rially improved the prognosis in cases of 
seminoma. 

RESULTS 

In analyzing the results of roentgen 

therapy, 18 of the 54 cases were excluded. 
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In 2 of these cases, less than a year had 
elapsed since the patients were dismissed. 
The reasons for excluding the remaining 16 
cases were as follows: Roentgen therapy 
was not employed in all of the cases. In 
some cases, roentgen therapy was employed 
both before and after the patients came to 
the Clinic and it was impossible to deter- 
mine whether the patients had received 
sufficient roentgen therapy. In other cases, 
small doses of roentgen rays were employed 
intentionally. It was of interest to note 
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Group 7. In this group of cases the prog- 
nosis obviously should be considered favor- 
able. Treatment consisted of simple or- 
chectomy and postoperative roentgen ther- 
apy. Only 8 of the patients in this group 
were alive five years after orchectomy was 
performed (Table 11) but 1 patient died of 
meningitis which followed mastoidectomy 
that was performed fifty-five months after 
orchectomy. In this case, it may be as- 
sumed that the teratoma was cured. The 
significant feature of the results in this 


III 


PERIOD OF SURVIVAL IN THIRTY-SIX CASES OF MALIGNANT TERATOMA OF THE TESTIS* 


Lived One Year 


Pa- or More After Pa- 
Group | tientsT Operation tientst 
| Traced Traced 
| Number | Per Cent 
I | 17 14 82 16 | 
2 II I 9 9 
3 8 4 so 06] 


* Inquiry as of September 1, 1942. 


Lived Three or Lived Five or 


More Years After Pa- More Years After 
Operation tients § Operation 
Traced 
Number Per cent Number | Per cent 
10 62 14 8 57 


t Operated on one year or more prior to date of inquiry, that is, September 1, 1941, or earlier. 


t Operated on prior to September 1, 1939. 
§ Operated on prior to September 1, 1937. 


that in I case, in which simple orchectomy 
was the only treatment employed, the 
patient was alive twenty-four years after 
the operation. 

The remaining 36 cases were divided into 
three groups: group 1 includes 17 cases in 
which treatment was begun before there 
was any evidence of metastasis; group 2 
includes 11 cases in which there was clinical 
evidence of metastasis when treatment was 
begun, and group 3 includes 8 cases in 
which the patients had undergone orchec- 
tomy before they came to the Clinic. In all 
of the cases in the last group, clinical evi- 
dence of metastasis was present when the 
patients first were observed at the Clinic. 
The results obtained in the 36 cases are 
shown in Table 111. In each instance, the 
period of survival has been calculated from 
the date of orchectomy, which was the 
initial therapeutic procedure in all of these 
cases. 


group is that the period of survival did not 
exceed thirty-one months in cases in which 
metastasis occurred after orchectomy was 
performed. The average period of survival 
of the patients who died was nineteen 
months. Several of the patients who lived 
five or more years after orchectomy re- 
ceived roentgen therapy which would be 
classified as inadequate if judged on the 
basis of present standards. On the other 
hand, most of the patients who received 
intensive roentgen therapy failed to obtain 
any noteworthy benefit. One patient who 
received roentgen therapy for metastatic 
involvement of the peribronchial lymph 
nodes, which developed after orchectomy, 
was not benefited at all by this treatment. 
Roentgen therapy was of little value in this 
group of cases. We feel that the patients 
who lived for an appreciable period after 
operation were fortunate enough to have 
undergone orchectomy when the teratoma 
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still was confined to the testis. In the cases 
in which the patients died, it seems likely 
that metastasis had occurred before opera- 
tion was performed but that the metastatic 
lesions were not large enough to produce 
clinical signs or symptoms at the time the 
patients first were examined at the Clinic. 

Group 2. In this group, the results were 
very discouraging. Only 1 of the 11 pa- 
tients in this group lived more than a year 
after orchectomy. This patient lived sixteen 
months after the operation. In some of the 
cases the physical condition of the patients 
was very poor and adequate roentgen 
therapy could not be employed. The pa- 
tient who received more roentgen therapy 
than any other patient in this group lived 
less than ten months after orchectomy was 
performed. On the other hand, the patient 
who survived for sixteen months received 
only one course of roentgen therapy. - 

Group 3. In a few of the cases in this 
group, roentgen therapy had been em- 
ployed before the patients came to the 
Clinic. Radium therapy had been employed 
in 2 cases. In some respects, this group is a 
composite of groups I and 2 as some of the 
patients undoubtedly had undergone or- 
chectomy before clinical evidence of me- 
tastasis had become manifest. The average 
period of survival after orchectomy was 
seventeen months. Only 1 patient lived 
more than three years (forty months) after 
orchectomy. As roentgen therapy was not 
begun until thirty-two months after or- 
chectomy, it was not responsible for the 
comparatively long survival of the patient. 
In the cases in this group, roentgen therapy 
produced either transitory improvement or 
no noticeable improvement. 


COMMENT 


In approximately half of all cases of 
malignant teratoma of the testis, there is 
demonstrable evidence of metastasis when 
the patients first consult a physician. Pa- 
tients who have metastatic lesions cannot 
be cured; in fact, very few of them will live 
more than three years after they first con- 
sult a physician. 
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SUMMARY 


This report is based on a study of 54 
cases of malignant teratoma of the testis. 
A teratoma is a definite disease entity. It 
apparently is the result of an abortive at- 
tempt to form a new individual. It prob- 
ably originates in the totipotent sex cells or 
in dislocated blastomeres. The exact cause 
of this tumor is unknown. Although a ma- 
lignant change may occur in any part of 
the tumor, it most frequently occurs in 
tissue that is derived from the entoderm. 

Teratomas of the testis have a tendency 
to occur in early adult life. In more than go 
per cent in the 54 cases which form the basis 
of this paper, the patients were less than 
forty years of age. Metastasis occurs soon 
after a malignant change has occurred in a 
teratoma. The only means of making a 
definite diagnosis of malignant teratoma 
is by histopathologic examination. We have 
not had any experience with hormonal 
tests in cases of teratoma of the testis but 
we believe such tests are so complex that 
they can be used only in large institutions. 

Although this study is based on a small 
group of cases, it indicates that the only 
manner in which a cure can be obtained in 
cases of malignant teratoma of the testis 
is by performing orchectomy before me- 
tastasis has occurred. This objective can be 
obtained in less than a third of all cases. 
After metastasis has occurred, death usu- 
ally will occur within eighteen months. 
Roentgen therapy does not appear to have 
any beneficial effect on malignant teratoma 
of the testis, which is extremely resistant 
to roentgen rays. 

Mayo Clinic 
Rochester, Minn. 
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THE PROBLEM OF THE MOST EFFICIENT THERAPEU- 
TIC APPROACH IN MEDIASTINAL TUMOR 


NLY a few years have elapsed since 

Potter presented the first miniature 
roentgenogram of the chest before the Chi- 
cago Roentgen Ray Society and the mass 
survey of segments of the population has 
already taken such an impetus that the 
number of persons examined now runs into 
the tens of millions. In particular, the work 
done in conjunction with the screening of 
the personnel inducted into the Armed 
Forces has proved of inestimable value. 
The results obtained were so impressive 
that the procedure is gradually being ex- 
tended wherever a large group of people can 
be examined, as for example in industry, 
shipyards, schools, clinics, and more re- 
cently even in private hospitals. 

There are two merits of every such sur- 
vey. The first is that it permits the dis- 
covery of a rather large number of unsus- 
pected chest lesions. The percentage of 
rejections due to anomalies or diseases of 
the chest for the personnel of the Navy! and 
of the Army? was given as varying be- 
tween 1.65 and 3. Gould’ in a recent survey 
conducted for the Tuberculosis Control 
Section of the United States Public Health 
Service found in a group of 442,252 indi- 
viduals 1.1 per cent abnormal non- 
tuberculous chest lesions and in 685,817 
examinations 1.4 per cent of reinfection 
tuberculosis. In the surveys conducted in 
hospitals the percentage, of course, is much 
greater. Hodges‘ in 1942 gave an incidence 

1 Duncan, R. E. Photofluorographic chest survey of naval 
personnel. Dis. of Chest, 1943, 9, 269-273. 

? Ashbury, Howard E., Whildin, James G., and Rogers, Frank 
T. Roentgenological report of chest examinations made of regis- 
trants of U. S. Army Induction Station No. 6, Third Corps Area, 
Baltimore, Maryland, May 1, 1941 to March 31, 1942. Am. J. 
Roentcenot. & Rav. THERAPY, 1942, 48, 347-351. 

8 Gould, David M. Nontuberculous lesions found in mass x-ray 
surveys. J. 4m. M.Ass., 1945, 127, 753-756. 


* Hodges, F. J. Fluorographic examination of chest as a routine 


hospital procedure. Radiology, 1942, 38, 453-461. 


of 8 to 10 per cent, and Bloch and Tucker* 
in 1944 published a report showing that the 
routine roentgenoscopic examination of the 
chest among 40,000 patients at the Uni- 
versity of Chicago Clinics revealed over 
20 per cent pathologic or anomalous condi- 
tions of the chest. 

The second and perhaps the most out- 
standing merit of the mass survey is that 
it permits the discovery of a lesion at a 
rather early stage of development. In 
Gould’s* very extensive work the minimal 
tuberculous lesions amounted to not less 
than 60 per cent of the total, making pos- 
sible the immediate institution of treat- 
ment under very favorable conditions. An 
early discovery is even more important in 
malignant neoplasms where often a delay 
of only a few weeks or months means the 
difference between success and failure. This 
applies especially to the mediastinal tumors 
which in their vast majority are composed 
of extremely malignant and very rapidly 
metastasizing cellular elements. 

It may therefore appear useful to evalu- 
ate in the light of the new findings of mass 
surveys the most efficient therapeutic ap- 
proach as it applies to mediastinal tumors. 
Such evaluation is also desirable in view of 
the fact that the remarkable technical 
achievements accomplished in the domain 
of thoracic surgery during the past decade 
had the effect of changing the indications 
for roentgen irradiation to no small extent. 


In a zealousness to radically extirpate or at 


least explore every intrathoracic tumor the 
roentgen ray is often relegated to the réle 
of a secondary agent applicable only after 
all other methods have been exhausted. If, 


’ Bloch, R. G., and Tucker, W. B. Indispensability of routine 
x-ray examinations of chest in general clinic. 4m. Rev. Tuderc., 
1944, 50, 405-417. 
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for the purpose of establishing proper cri- 
teria of operability, a more accurate differ- 
entiation between a benign and malignant 
neoplasm proves necessary, a policy of 
watchful waiting with checkup roentgeno- 
grams at shorter or longer intervals is not 
infrequently preferred to the immediate 
institution of roentgen therapy. If no 
change in size on the successive roentgen- 
ograms is noted the tumor is considered 
more likely benign and the operation is 
undertaken. Contrariwise the patient is de- 
clared inoperable and referred for radiation 
therapy. 

That such an approach can only lead to 
unsatisfactory results becomes evident from 
closer study of the nature of mediastinal 
tumors. In general, they may be divided 
into those of the posterior and those of the 
anterior mediastinum. The most common 
tumors of the posterior mediastinum are 
the ganglioneuromas, originating from the 
sympathetic ganglions and the neuro- 
fibromas, originating from the spinal nerves. 
The tumors of the anterior mediastinum 
arise most frequently from the lymph 
nodes, mediastinal connective tissue and 
the thymic gland. Histopathologically they 
may represent lymphosarcoma, pseudo- 
leukemia, mediastinal manifestations of 
leukopenic leukemia or lymphatic leukemia, 
Hodgkin’s disease, thymoma, sarcoma, 
carcinoma of thymic or thyroid origin, 
teratoma, benign tumors and_ pseudo- 
tumors, such as aneurysm, echinococcus 
cysts and encysted fluid. As one may see, 
the cellular components of these tumors 
show the greatest variation of radiosensi- 
tivity. The great majority of them are from 
extremely to moderately radiosensitive and 
statistical compilations show that only 
about 10 per cent fail to exhibit an irradi- 
ation response of some degree. For this 
reason, a waiting attitude with periodical 
checkup roentgenograms or even an explor- 
atory thoracotomy causes unnecessary 
postponement of treatment in the greater 
part of the cases since operation remains a 
futile effort and irradiation is started at a 
much later date. 

The more efficient method is to institute 
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roentgen therapy at the earliest possible 
moment as a primary measure. Such a 
procedure is enhanced by the fact that if a 
standard dose is given the rate of regression 
of the various mediastinal tumors can be 
used within certain limits as a test of differ- 
ential diagnosis. This so-called “roentgen 
therapeutic test dose” has been repeatedly 
described in the literature for the past 
twenty years. Its practical clinical value 
has been critically assayed not very long 
ago.° Briefly, it consists in the administra- 
tion over a mediastinal tumor of the maxi- 
mum amount of radiation that can safely 
be tolerated by the normal structures of the 
chest. Checkup roentgenograms are then 
made at intervals of two weeks, six weeks, 
three months, and so forth, following the 
completion of the irradiation and the rate 
of regression is expressed in percentage of 
the size of the original tumor. On the basis 
of the degree of the radiosensitivity four 
arbitrary groups are distinguished. In 
Group | all tumors melt away within two 
to three weeks. Here belong the tumors 
having their origin from the highly radio- 
sensitive lymphocyte, such as lymphosar- 
coma, mediastinal manifestations of leuko- 
penic leukemia, pseudoleukemia and lym- 
phatic leukemia, and the lymphosarcoma of 
the thymic gland. In Group 1 there is a 
50 per cent or more regression within six 
weeks and a complete disappearance after 
a second series of irradiation. This group 
includes the tumors composed of reticulo- 
endothelial or embryonal spindle cell ele- 
ments and is practically dominated by 
mediastinal Hodgkin’s disease. Rarely re- 
ticulum cell sarcoma, spindle cell sarcoma 
and endothelioma may also be encountered. 
In Group 11 the rate of regression is slow. 
After two weeks there is hardly any change, 
after six weeks the regression amounts to 
from 20 to 50 per cent and after three 
months there is again increase in size. 
Most of the remaining malignant tumors 
belong to this group, such as fibrosarcoma, 
melanosarcoma, carcinoma of the thymic 


¢ Reynolds, L., and Leucutia, T. The value of the roentgen 
therapeutic test dose in differential diagnosis of mediastinal tu- 
mors. Am. J. Roentcenov. & Rav, THerary, 1942, 48, 440-466. 
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and thyroid gland, teratoma, and so forth. 
In Group tv no change in size occurs during 
the observed period. It includes all benign 
neoplasms and pseudotumors. An exception 
is the fibroma which apparently exhibits the 
same rate of regression as the uterine fibro- 
mas. The most important point in con- 
nection with Group Iv is that most of the 
tumors belonging here may be subjected to 
surgery. In fact, this is the only group where 
a radical excision may lead to a permanent 
cure. 

A statistical survey of 73 cases of medi- 
astinal tumors primarily treated at Harper 
Hospital from 1922 to 1936 by the adminis- 
tration of the roentgen therapeutic test dose 
shows that only 8 cases remained unclassi- 
fied. In all others the correct diagnosis was 
eventually established. As far as the final 
results are concerned, 2 cases out of 15 be- 
‘longing to Group 1, § cases out of 16 belong- 
ing to Group 1, 1 case out of 20 belonging 
to Group 111 and 9 cases out of 10 belonging 
to Group Iv survived five years or longer. 
In 5 out of the 10 benign tumors surgical 
removal was performed without any diffi- 
culty at intervals of from three months to 
ten years after the administration of the 
therapeutic test dose. There were in Group 
1v 4 additional cases which eventually 
proved to be aneurysms, none having sur- 
vived the five year period. 

What makes the roentgen therapeutic 
test dose particularly timely is the fact that 
the mass chest surveys have shown that 
mediastinal tumors occur more frequently 
than has been suspected on the basis of the 
former clinical and postmortem findings. In 
the vast material of Gould* the incidence 
was given as 0.012 per cent, whereas in the 
hospital survey of Bloch and Tucker’ it rose 
to as high as 0.57 per cent. It is also proba- 
ble that because of the much earlier recog- 
nition of the lesion a substantial increase 
in the final results may be expected. 

Overholt and Wilson’ in a very recent 
article paid special attention to the danger 
of delay of treatment and they laid down 
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some fundamental rules concerning the 
diagnosis, evaluation and therapy of the 
three main lesions discovered in mass chest 
surveys, namely, tuberculosis, cancer of the 
lung and mediastinal tumors. In regard to 
the mediastinal tumors they state that the 
temptation for careful watching is particu- 
larly great since the vast majority of the 
cases have few or no symptoms whatsoever. 
If a differentiation between the benign or 
malignant neoplasm cannot be made on the 
basis of morphologic criteria or the biopsy 
of the involved lymph nodes or some other 
more accessible region, as for example the 
axilla or supraclaviculz> fossa, they, too, 
recommend that a therapeutic test dose of 
roentgen radiation be applied as a primary 
measure. If a response is noted the tumor 
is considered malignant and roentgen ther- 
apy is continued. If the tumor fails to re- 
spond within four to six weeks surgical 
exploration is undertaken. They further 
state that it is important to proceed with 
the excision without delay to avoid the 
technical difficulties arising from the late 
effect of the irradiation on the surrounding 
structures. An exception to this rule is a 
benign tumor in an elderly person which is 
operated upon only when subsequent peri- 
odic roentgenograms show an increase in 
size or when the patient unexpectedly de- 
velops distressing symptoms. 

It appears from all this evidence that 
neither the policy of watchful waiting nor 
the delaying exploratory intervention 
serves a useful purpose in the management 
and treatment of mediastinal tumors. The 
chances for cure of the patient are consider- 
ably lessened and the advantage of a good 
survey work eliminated. The immediate 
administration of a roentgen therapeutic 
test dose, on the other hand, permits a 
satisfactory differential diagnosis in most 
instances and leads to the best permanent 
results. T. Leveutia 


7 Overholt, Richard H., and Wilson, Norman J. Silent and 
masquerading intrathoracic lesions; importance of proper iden- 
tification of lesions discovered during x-ray surveys. New England 
F. Med., 1946, 234, 169-180. 
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EDWIN ATKINS MERRITT 
1880-1946 


DWIN A. MERRITT was born in Red 
Oak, Iowa, on April 5, 1880, the son of 
William W. Merritt, a Methodist minister. 
His ancestry goes back to the earliest days 
of New England. In many traits of his 
forceful character he reflected the rugged 


stock from which he came. One of his most 
prominent characteristics was a love of 
freedom and a deep and sincere patriotism. 
This was a part of his heritage from his 
English and New England forebears but 
must have been deepened and intensified 
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by his early education in Potsdam, New 
York, in the home of his uncle, General 
Edwin Atkins Merritt, for whom he was 
named, and who had a long and honorable 
career in the Civil War and in the political 
life of his state. Ed Merritt’s love of coun- 
try was no mere “lip service.’””’ When only 
a boy he enlisted as a private in the Army 
and served in the Philippine Islands. In the 
First World War he was a Major in the 
Medical Corps and at his own urgent solici- 
tation went to France early in 1918. There 
he was Chief of the Radiological Service of 
the First Army before and during the entire 
Argonne offensive and later occupied the 
same position with the Army of Occupation 
in Germany with the rank of Lieutenant 
Colonel. He filled those important positions 
with the energy and ability that have 
characterized the work of his entire career. 

Soon after the end of the first World War 
in 1919, Dr. Merritt settled in Washington 
as the associate of Dr. Thomas A. Groover 
and Dr. A. C. Christie, an association that 
endured until his death. 

Although Dr. Merritt was a radiologist 
of great ability in the diagnostic field, his 
life-long interest was in the treatment of 
cancer. He had a confidence in the efficacy 
of radiation treatment of cancer which led 
him to advocate this method with almost 
evangelistic zeal. Those who are best ac- 
quainted with his results believe that when 
finally published they will justify his con- 
fidence, especially in cancer of the cervix 
uteri. 

In character Ed Merritt was rugged and 
forceful and at times uncompromising 
when his convictions were involved. Above 
everything he hated a sham. At heart he 
was an idealist who loved people. He looked 
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upon every patient as an individual who 
was in trouble and in need of his help. He 
had a great love for beauty in nature which 
manifested itself in the development of a 
beautiful garden of over seven acres sur- 
rounding his home. In it are innumerable 
trees and flowers and shrubs many of which 
he had propagated himself by grafting and 
hybridization to produce new varieties. In 
pursuit of this interest he was a member of 
the American Horticultural Society, the 
Horticultural Society of New York and the 
American Orchid Society, and was the 
author of several articles on horticultural 
subjects. 

In his professional life Dr. Merritt was 
devoted to the specialty of radiology but 
primarily he was a physician who had be- 
gun his career in general practice. Through- 
out his life he remained a clinician of un- 
usual ability. He became what must be the 
ideal of every radiologist, a consultant in 
medicine who enjoyed the confidence and 
respect of his colleagues. He was a Fellow 
of the American Medical Association, a 
member of the Medical Society of the Dis- 
trict of Columbia, the Southern Medical 
Association, the American Roentgen Ray 
Society, the American Cancer Society, and 
a diplomate of the American Board of 
Radiology. 

Edwin A. Merritt was in many respects 
a unique personality. He had a capacity for 
friendship that was unusual, a faith in the 
possibility of progress that never faltered, 
and a courage in standing for his convic- 
tions that never failed. His memory will be 
cherished by his friends throughout their 
lives and will be respected and honored by 
all who knew him. 

ArrHur C, 
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ALEXANDER BERKELEY MOORE 
1883-1946 


N THE death of Alexander B. Moore, 
which occurred on March 9, 1946, radi- 
ology has lost one of its best known figures. 
There are few medical leaders in any gener- 
ation who attain the wide acquaintance- 
ship that fell to the lot of Sandy Moore. 


This resulted partly from the opportunity 
he enjoyed for many years at the Mayo 
Clinic of meeting doctors and patients, not 
only from all parts of the United States, but 
from every corner of the world. It was due 
in larger part to his attractive personality 
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and his capacity for comradeship. Meeting 
“Sandy” made an impression on both his 
medical colleagues and on his patients 
which was likely to persist for years and 
which gave him a nation-wide circle of life- 
long friends. 

Alexander B. Moore was born in Aldie, 
Virginia, in 1883. He obtained his medical 
degree at the University of Virginia in 1907, 
practiced for a year at The Plains, Virginia, 
and for a short time in a clinic in Seattle, 
Washington. In 1909 he entered the radio- 
logical department of the Mayo Clinic with 
which he was identified for more than 
twenty years. He was on leave of absence 
from the Clinic during the First World War 
as a medical officer with the A.E.F. in 
France where he was at first Radiological 
Consultant with the First Army and later 
Chief Radiological Consultant with the 
Second Army with headquarters at Toul. 
He returned to the Mayo Clinic in 1919 and 
in 1926 became head of the radiological 
department upon the death of Dr. Carman. 
In 1930 he became associated with Drs. 
Groover, Christie and Merritt in Washing- 
ton, D. C., and for the remainder of his life 
was chief of the radiological department of 
the Emergency Hospital in that city. 

Dr. Moore was a member of the Ameri- 
can Roentgen Ray Society and was its 
President in 1930-1931. He was a member 
of the Medical Society of the District of 
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Columbia, Fellow of the American Medical 
Association, Fellow of the American Col- 
lege of Physicians and member of the Radi- 
ological Society of North America. 

Sandy Moore was a practical roentgen- 
ological diagnostician of outstanding abil- 
ity. He was a keen observer and through 
many years of careful correlation of roent- 
gen findings with evidence obtained at 
operation and autopsy he acquired a diag- 
nostic ability, especially in diseases of the 
chest and gastrointestinal tract, that was 
equalled by few. His success in diagnosis 
was due to his power of keen and accurate 
observation; to his capacity for prolonged, 
close application to work and study, and 
to his constant interest in the patient as a 
person. It was this latter characteristic of 
the good physician which caused him al- 
ways to evaluate the roentgen findings of 
screen and film in the light of the total 
clinical picture present in the individual 
case, and it was this which made him a 
valuable medical consultant. “Sandy” will 
long be remembered by his medical col- 
leagues for his unusual ability as diagnos- 
tician and consultant and those who knew 
him best will feel keenly the loss of a good 
comrade and kindly human companion for 
whom they hold a deep and abiding affec- 
tion. 

ArTHUR C, CHRISTIE 
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ISAAC LEVIN 
1866-1945 


O* JUNE 19, 1945, Dr. Isaac Levin, 
one of the pioneers in the treatment of 
cancer with irradiation in the United States 
and one of the early members of the Ameri- 
can Radium Society, passed away. 

Isaac Levin was born in Sagor, Russia in 


1866 of middle class cultured parents. He 
had a somewhat better than average school- 
ing and was able to attend the Medical 
Military Academy in St. Petersburg from 
which he graduated with an M.D. degree 
in 1890. He was keenly interested in re- 
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search and to further his knowledge he 
engaged in post graduate medical studies in 
Paris, Berlin, Heidelberg and Bern be- 
cause such study was denied to him in Rus- 
sia on account of his religion. At that time 
he married Sophie Block, a graduate of the 
Russian Conservatory and a concert pian- 
ist. In 1891 he came to the United States 
which offered a better opportunity for a 
living than that available in Russia. Early 
in his New York career he became inter- 
ested in cancer and the alleviation of its 
victims, especially those among the poor of 
New York City. In tg1o he was already 
engaged in cancer research and began to 
devote almost all his professional time to 
the field of cancer. He was one of the early 
private physicians in the City of New York 
who owned an appreciable supply of radium 
for therapeutic purposes, and owned the 
first private radium emanation plant there. 
At this time, too, he founded the cancer 
service at Montefiore Hospital in New 
York City supplying the emanation needed 
there from his own plant. Dr. Levin was a 
colorful, forceful character, a stern teacher 
who believed wholeheartedly in his ideas 
of cancer and through the medium of vari- 
ous medical societies to which he belonged 
he disseminated his ideas so persuasively 
that he was soon carrying out his methods 
of radiation therapy in numerous institu- 
tions throughout the country. 

He early recognized the shortcomings of 
treatment in intra-abdominal malignant 
neoplasms and the inability of controlling 
such lesions by the usual methods of irradi- 
ation, and in 1921 he devised a new pro- 
cedure for introducing radon tubules di- 
rectly into intra-abdominal new growths. 
This method was the preview of our present 
day procedures. In 1924, Levin spoke be- 
fore the American Radium Society and 
described a new procedure for treating 
cancer of the cervix with intraperitoneal 
insertion of glass radon seeds. 

In the early 1920’s Levin was fortunate 
in gaining the friendship of Mr. Bird S. 
Coler, at that time the Commissioner of 
Public Welfare of the City of New York, to 
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whom he unfolded his long cherished dream 
of establishing a clinic and hospital es- 
pecially set aside for the diagnosis, treat- 
ment and care of indigent cancer patients 
of New York City. In 1923 he was able to 
see the realization of his plans in the estab- 
lishment of the New York City Cancer 
Clinic and Hospital, at that time the largest 
institution of its kind in the world. 

Levin early realized the importance of 
public education in cancer control and in 
1923 initiated the formation of the New 
York Cancer Association, under the aus- 
pices of many prominent New Yorkers, to 
further the study of cancer and allied dis- 
eases, to disseminate knowledge of cancer 
among the medical profession and the lay 
public, and to give economic assistance to 
cancer sufferers and to their rehabilitation 
and to render economic assistance to the 
patients’ families when necessary—a long 
step in advance in cancer work at that time. 
From 1912 to 1915 he held the position of 
Associate in Cancer Research at Columbia 
University. 

Levin readily recognized the importance 
of early teaching of the knowledge of cancer 
in the beginning of a physicians’ career and 
sought and obtained a teaching position at 
New York University where as Clinical 
Professor of Cancer Research he imparted 
the newer knowledge of cancer to the 
younger physicians. This position he held 
from 1915 to 1933. 

Under his leadership, 1923-1930, the 
New York City Cancer Clinic and Hospital 
advanced in achievement. He returned in 
1930 to private practice and up to the time 
of his death he remained keenly interested 
in the general cancer problem, and some of 
his best publications appeared during this 
period. From 1925 to 1930 he was the: 
Editor of the Archives of Clinical Research. 

Dr. Levin rarely missed attending medi- 
cal meetings dealing with cancer and it was 
a touching sight, especially in the latter 
years, to see him at the meetings always 
accompanied by his devoted wife, an ex- 
ample of most ardent devotion to his every 
desire. In his latter years of life he was sad- 
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dened by the sudden accidental death of 
his son and the loss of his devoted and loyal 
wife. He leaves two surviving sons. 

Dr. Levin was formerly associated with 
Sydenham, Beth David and Montefiore 
Hospitals. He was consultant at Lebanon 
Hospital. He was a member of the following 
societies: New York County Medical So- 
ciety, New York State Medical Society, 
American Medical Association, American 
Association of Pathology and Bacteriology, 
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American Radium Society, Association of 
American Physicians, Radiological So- 
ciety of North America, Society for Experi- 
mental Biology and Medicine and Ameri- 
can Association for Cancer Research. 

Dr. Levin died on June 19, 1945, in New 
York at the age of seventy-eight. It was a 
privilege to know him—a most sad feeling 
to note his passing away. 

Ira I. KAPLAN 
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Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unirep SraTes OF AMERICA 


AMERICAN RoentcEN Ray Society 
pentey, Dr. H. Dabney Kerr, University Hospital, 
lowa City, lowa. Annual meeting: Netherland Plaza 
Hotel, Cincinnati, Ohio, Sept. 17-20, 1946. 

American RapioLocy 
Secretary, Mac F, Cahal, 20 N. Wacker Drive, Chicago 6. 
Annual meeting, Palace Hotel, San Francisco, Calif., 
June 29, 1946. 

Section on Rapio.tocy, AMERICAN MEDICAL AssociATION 
Secretary, Dr. U. V. Portmann, Cleveland Clinic, Cleve- 
land, O e Annual meeting: San Francisco, Calif., July 
I-5, 1940. 

American Rapium Society 
Secretary, Dr. E. H. Skinner, 1532 Professional Bldg., 
Kansas City, Mo. Annual meeting: Assembly Hall, 
Health Center, San Francisco, Calif., June 28-29, 1946. 

Arkansas Society 
Secretary, Dr. Fred Hames, 511 National Bldg., Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

RapIoLocicaL Society or NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts ~~. Syra- 
cuse, N. Y. Annual meeting: Palmer House, Chicago, 
Ill., Dec. 1-6, 1946. 

Rapio.ocica Section, BALttimore Mepicat Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

Section on MEDICAL AssociATION 
Secretary, Dr. D, R. MacColl, 2007 Wilshire Blvd., Los 
Angeles 5, Calif, 

Rapio.ocicaL Section, Connecticut Mepicat Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section on Rapio.ocy, State Mepicat Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

RapIoLocicat Section, Los Co. Mep. Assn. 
Secretary, Dr. Roy W. Johnson, 1407 S. Hope St., Los 
Angeles, Calif. Meets on second Wednesday of each 
month ut the County Society Building. 

RADIOLocIcaL Section, SourHERN MEDICAL AssocIATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooxiyn Roentcen Ray Society 
Secretary, Dr. A. H. Levy, 1354 Carroll St., Brooklyn 13, 
N.Y. Meets monthly on fourth Tuesday, October to April. 

BurraLo RapioLocicat Society 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

Cuicaco RoentTGEN Society 
Secretary, Dr. F. H. Squire, 1754 W. Congress St., 
Chicago 12, Ill. Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

Cincinnati RapIoLocicat Society 
Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RADIOLOGICAL Society 
Secretary, Dr. Carroll C. Dundon, 11311 Shaker Blvd., 
Cleveland, Ohio. Meetings at 6:30 p.m. on fourth Mon- 
day of each month from October to April. 

Da.ias-Fort WortH RoentGEN Stupy 
Secretary, Dr. X. R. Hyde, Medical Arts Bldg., Fort 
Worth, Texas. Meets in Dallas on odd months and in 
Fort Worth on even months, on third Monday, 7:30 P.M. 

Denver Rapio.ocicat 
Secretary, Dr. A. Page Jackson, Jr.,.1612 Tremont Place, 
Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 


Dertroir RoenTGEN Ray AnD Rapivum Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from ‘Sonaber to May, at 
Wayne County Medical Society Building. 

Fioripa Society 
Secretary, Dr. J. M. Dell, Jr., 333 W. Main St., S., Gaines- 
ville, Fla. Meetings in May and November. 

Georota Rapio.oaicat Society 
Secretary, Dr. James J. Clark, 478 Peachtree St., At- 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 

Rapioocicat Society or Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month, 

Society 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 

INDIANA ROENTGEN Society 
Secretary, Dr. J. A. Campbell, Indiana University Hos- 
pitals, Indianapolis 7. Meets annually second Sunday in 
May. 

Iowa X-Ray 
Secretary, Dr. Arthur W. Erskine, 326 Higley Bldg., 
Cedar Rapids, Iowa. Luncheon and business meeting 
during annual session of Iowa State Medica! Society. 
Special meetings by announcement. 

Kentucky RADIOoLocIcaL Society 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in Apr. 

Lone Istanp Society 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 

Loutstana RapIoLocicat Society 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

MicuHIGAN AssociATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 

MiL_wauKEE RoentceN Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 

Minnesota Society 
Secretary, Dr. Annette T. Stenstrom, 1218 Medical Arts 
Bldg., Minneapolis, Minn. One meeting a year at time of 
Minnesota State Medical Association. 

NEBRASKA RADIOLOGICAL SociETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 P.M. 
at either Omaha or Lincoln. 

New Encianp Roentcen Ray Society 
Secretary, Dr. George Levene, Massachusetts Memorial 
Hospitals, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 

New HampsuirE ROENTGEN Ray Society 
Secretary, Dr. A. C. Johnston, Elliott Community Hos- 
pital, Keene, N.H. Meets four to six times yearly. 

RapioLocicat Society or New JERSEY 
Secretary, Dr. W. H. Seward, Orange Memorial Hos- 
pital, Orange, N. J. Meets annually at time and place 
of State Medical Society. Mid-year meetings at place 
chosen by president. 

New York Roentcen Society 
Secretary, Dr. Ramsay Spillman, 115 East 61st St., 
New York City. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:30 P.M. 

Norts Carona Roentoen Ray Socrety 
Secretary, Dr. Major Fieming, Rocky Mount, N. C. 


* Secretaries of societies not here listed are requested to send the necessary information to the Editor. 
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Nortn Dakota Society 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 

Centra New York Roentcen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 

On10 RapioLocica Society 
Secretary, Dr. Henry Snow, 1061 Reibold Bldg., Dayton, 
Ohio. Meets during annual meeting of Ohio State Medi- 
cal Association. 

Or.eans ParisH RADIOLOGICAL SociztTy 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets first Tuesday of each month. 

PaciFric ROENTGEN Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. C. L. Stewart, Jefferson Hospital. Meets 
first Thursday of each month, October to May, at 8:00 
p.M., in Thomson Hall, College of Physicians. 

PirTsBURGH ROENTGEN SOCIETY 
Secretary, Dr. L. M. J. Freedman, 4800 Friendship Ave. 
Meets 6:30 p.m. at The Ruskin on second Wednesday, 
each month, October to Mav inclusive. 

RocuesteR RoentGcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. Murray P. George, Strong Memorial Hos- 
pital. Meets monthly on third Monday from October to 
May, inclusive, 8 p.m. at Strong Memorial Hospital. 

Rocky Mountain Society 
Secretary Dr. A. M. Popma, 220N. First St., Boise, Idaho. 
Mid-Summer Conference, August 8, 9, 10, 1946, at 
Shirley Savoy Hotel, Denver, Colorado. 

Sr. Louis Society or RADIOLOGISTS 
Secretary, Dr. Edwin C, Ernst, Beaumont Medical Build- 
ing, St. Louis, Mo. Meets fourth Wednesday of each 
month, except June, July, August, and September. 

San Dieco RoENTGEN Society 
Secretary, Dr. R. F. Niehaus, 1831 Fourth Ave., San 
Diego, Calif. Meets monthly on first Wednesday at 
dinner. 

San Francisco Society 
Secretary, Dr. Joseph Levitin, 516 Sutter St., San Fran- 
cisco 2, Calif. Meets monthly on the third Thursday at 
7:45 P.M., first six months of the year at Lane Hall, 
Stanford University Hospital, and second six months at 
Toland Hall, University of California Hospital. 

SHREVEPORT RaDIoLocicaL CLuB 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

Soutu Carona X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SociETY 
Secretary, Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

RADIOLOGICAL SOCIETY 
Secretary, Dr. R. P. O'Bannon, 650 Fifth Ave., Fort 
Worth 4, Texas. 

University oF DEPARTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 p.m. at University Hospital. 

University or Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00-5:00 P.M., 
Room 301, Service Memorial Institute. 

Vireinta Society 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin St., 
Richmond, Va. Meets annually in October. 

Wasuincton State Rapio.ocica Society 
Secretary, Dr. Thomas Carlile, 1115 Terry St., Seattle. 
Meets fourth Monday each month, October through May, 
College Club, Seattle. 

X-ray Srupy Cius or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
Hospital. Meets monthly, third Thursday evening. 
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CuBa 


SociEDAD DE Rapio.ocfa y DE CuBa 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 


Mexico 


SocieDAD MEXICANA DE RADIOLOGIA Y FISIOTERAPIA 
General Secretary, Dr. D. P. Cossio, Marsella No. 11, 
Mexico, D. F. Meets first Monday of each month. 

British Empire 

British InstiruTE OF RapDIOLoGy INCORPORATED WITH 
THE RONTGEN SociETY 
Medical Members’ meeting held monthly on third Friday 
at 2:30 p.m. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbeck St., 
London, W.1. 

SecTION OF RADIOLOGY OF THE Royat Society or MeEp1- 
cINE (ConFINED TO MepicaL MEMBERS) 

Meets third Friday each month at 4:45 P.M. at the 
Royal Society of Medicine, 1 Wimpole St., London. 

Facu.ty oF RaDIOLocists 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. 1 
England. 

Section or RapioLocy anp Mepicat Execrriciry, Aus- 
TRALASIAN MEDICAL CONGRESS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VicTORIAN BRANCH OF THE 
British MEDICAL AssociaATION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. J. W. McKay, 1620 Cedar Ave., Montreal. 

Soci—TE CANADIENNE-FRANCAISE D’ELECTROLOGIE ET DE 
RaDIOLOGIE MEDICALES 
Secretary, Dr. Origéne Dufresne, 4120 Ontario St., East, 
Montreal, P. Q. 

Section or Rapiotocy, CANADIAN MEDICAL AssocIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

RapioLocicaL Section, New ZEALAND British MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 


SoutH AMERICA 

SociEDAD ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Guido Gotta, Buenos Aires, Argentina. 
Meetings are held monthly. 

SociEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Victor Giannoni, Apartado, 2306, Lima, 
Peru. Meetings held monthly except during January, 
February and March, at the Asociaci6n Médica Peruana 
“Daniel A. Carrién, Villalta, 218, Lima. 


ConTINENTAL Europe 


SociEDAD EspANoLa DE ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

SociETE Suisse DE RapioL_ocie (SCHWEIZERISCHE R6nt- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. Babaiantz, Geneva. 
Secretary for German language, Dr. Max Hopf, Effinger- 
strasse 49, Bern. Meets annually in different cities. 

SociETATEA RoMANA DE RADIOLOGIE s1 ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maricine, 30, 
S. 1., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

Avt-Russian Roentcen Ray Association, Lewinorab: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretar-es, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

LENINGRAD RoENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock, State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow RoentcenN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 

SCANDINAVIAN ROENTGEN SOCIETIES : 
The Scandinavian roentgen societies have formed a joint 

i meeting every in i t 
countries ing to the 


AMERICAN BOARD OF RADIOLOGY 


The American Board of Radiology will 
conduct examinations at the Palmer House, 
Chicago, Illinois, on November 27 to De- 
cember 1, 1946. This will be the only ex- 
amination held during 1946. All those wish- 
ing to appear before the Board at this time 
must have their application on file by Sep- 
tember 1, 1946. 

There are many diplomates and candi- 
dates with applications on file whom we are 
unable to reach from their last known ad- 
dress. 

All diplomates of the Board and candi- 
dates for examination please notify the 
office of the Secretary of their present ad- 
dress. 

B. R. Kirkuin, Secretary 
American Board of Radiology 
Mayo Clinic, Rochester, Minn. 


PENNSYLVANIA RADIOLOGICAL SOCIETY 


The Thirty-first Annual Meeting of the 
Pennsylvania Radiological Society was 
held at the Berkshire Hotel, Reading, Pa., 
May 17 and 18, 1946. The following papers 
were presented: 

Discussion of Persistent Hyperplasia of the 
Thymus Gland. Leslie H. Osmond, M.D., 
Pittsburgh, Pa. 

Recent Advances in Technique. George W. 
Chamberlain, M.D., Reading, Pa. 

Atomic Energy in Medicine. Edith 
Quimby, Sc. D., New York. 

Treatment of Chronic Cough in Children. 
E. C. Baker, M.D., Youngstown, Ohio. 

Problems Involved in Early Diagnosis of 
Cancer. Zoe A. Johnston, M.D., Pitts- 
burgh, Pa. 


H. 
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Radiation Hazards Covered by the Safety 
Code for the Industrial Use of Roentgen 
Rays. J. L. Weatherwax, M.A., Phila- 
delphia, Pa. 

Radiographic Changes in Diseases of the 
Small Bowel. Burrill B. Crohn, M.D., New 
York. 

Treatment of Carcinoma of the Cervix, with 
Particular Reference to the Use of the In- 
tracavitary Cone. Samuel G. Henderson, 
M.D., and Melvin Meyers, M.D., Pitts- 
burgh, Pa. 

Bone Changes in the Blood Dyscrasias as 
Shown by Roentgen Examination. RalphS. 
Bromer, Bryn Mawr, Pa. 

Clinical and Technical Factors Modifying 
the Effects of Roentgen Therapy. Robert 
P. Barden, M.D., Philadelphia, Pa. 

Experiences with Malignant Diseases in 
Young People. Harold W. Jacox, M.D., 
Pittsburgh, Pa. 

Anthracosilicosis—A Study of One Hundred 
Miners with Seven Year Followup. Louis 
A. Milkman, M.D., Scranton, Pa. 


RADIOLOGY SECTION OF THE CALIFORNIA 
MEDICAL ASSOCIATION 

The Radiology Section of the California 

Medical Association has elected the follow- 

ing officers for the ensuing year: Chairman, 

Dr. Gordon G. King, San_ Francisco; 

Secretary, Dr. D. R. MacColl, Los Angeles. 


FLORIDA RADIOLOGICAL SOCIETY 


At the recent meeting of the Florida 
Radiological Society the following officers 
were elected for the coming year: President, 
Dr. Charles M. Gray; Vice-President, Dr. 
James F. Pitman; Secretary, Dr. J. Maxey 


Dell, Jr. 
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A CHAIR FOR VERTICAL ENCEPHALOGRAPHY* 


By LIEUTENANT COLONEL J. EMERSON NOLL, M.C., LIEUTENANT COLONEL J. M. 
COTTON, M.C., and MAJOR J. N. CREVASSE, C.E. 


ARMY OF THE UNITED STATES 


NCEPHALOGRAPHY at times re- 

quires examination in the erect posi- 
tion, and, under these conditions, a change 
to a horizontal position during the course 
of an examination in the erect position will 
vitiate the resulting diagnosis by changing 
the air-fluid relation and the osmotic 
tensions within the intracranial ventricular 
system. The chair for encephalography 


shown in the accompanying photographs 
was designed to meet the conditions sur- 
rounding erect encephalography. The de- 
sign was drawn to meet the following 
specifications: 

(a) a sufficiently broad base and suff- 
ciently low center of gravity to insure 
adequate stability (Fig. 1 and 2). 

(b) to provide a flat anterior aspect to 


* The photographs for Figures 1, 2 and 3 were kindly furnished 
by the Public Relations Office, Foster General Hospital, Jackson, 
Mississippi. 


Fic. 2. 4, foot brakes; B, brackets for G.I. belts; C, 
adjustable head rest; D, arch plate; E, foot rests 
swing to any desired angle and can be raised and 
lowered; F, distance from floor to seat 20 inches; 
G, distance from seat to arms 18 inches. 


* From the Department of Radiology, Foster General Hospital, Jackson, Miss. 
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make possible close approximation of the 
patient’s head_to the erect Bucky grid 
(Fig. 3). 

(c) to provide foot brakes which will 
enable quick and accurate locking of the 
chair into any desired position and suitable 
for use on the average tile covered Army 
hospital floor (Fig. 24). 

(d) to provide brackets for the purpose 
of accommodating regulation G. I. belts 
for strapping patients into position on the 
chair (Fig. 2B). 

(e) to provide a seat and arm design 
which will prevent circulatory interference 
in the anesthetized patient. 

(f) to provide an adjustable head rest 
(Fig. 2C). 

(g) to provide automatically for an 
optimum arch of the back for spinal punc- 
ture (Fig. 2D). 

(h) to provide adjustable foot rests (Fig. 
2E). 

(i) to provide for easy draping of the 
patient for the sterile technique of lumbar 
puncture. 

This encephalographic chair was used 
as part of the following routine procedure: 


J. Emerson Noll, J. M. Cotton and J. N. Crevasse 


June, 1946 


Patients for encephalography were re- 
ceived in the X-ray Department with 
differing levels of basal anesthesia. The 
condition of the patients varied between 
deep coma and the ability to cooperate to a 
reasonable degree. The patients were trans- 
ferred from the stretcher to the encephalo- 
graphic chair and strapped. into position. 
The previously prepared sterile table, con- 
taining the necessary instruments and 
equipment, was drawn into position along- 
side the encephalographic chair and the 
patient’s gown was opened in the back and 
the skin prepared and the patient draped. 
Lumbar puncture was performed with 
manumetric readings by an Off-cer of the 
Neuropsychiatric Department. Forty-five 
cubic centimeters of fluid was removed 
from the spinal canal and 40 ce. of air 
injected, this being accomplished in frac. 
tional parts not exceeding 10 cc. each. At 
this point an Army x-ray field unit was 
drawn up to the side of the encephalo- 
graphic chair opposite to the sterile table 
and adjusted to take a lateral view of the 
skull. This film was processed immediately 
and presented for reading while wet at the 
end of ten minutes. During this interval, 
the withdrawal of fluid and the injection of 
air was continued slowly up to a total of 
50 cc. of air, but not exceeding that amount. 
The need for more than 50 cc. of air was 
predicated on an evaluation of the predic- 
tion encephalogram taken at the 40 cc. 
level. If the ventricular filling was in- 
adequate, the injection of air continued to 
the go cc. level, at which point a second 
check-up encephalogram was made by the 
same method. When the prediction en- 
cephalogram at the 40 cc. level or the go cc. 
check-up encephalogram indicated an ade- 
quate ventricular filling or when for any 
reason the further injection of air was con- 
traindicated, the patient was presented for 
roentgen examination. This was accom- 
plished by removal of the spinal needle and 
the application of a sterile dressing to the 
wound. Draperies were removed and cloth- 
ing readjusted. The chair was then wheeled 
up to position facing the erect Bucky grid 
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without disturbing the patient in the 
slightest degree. Two posteroanterior stereo 
projections were made at this point. The 
chair was then rotated 45 degrees clockwise 
and two left lateral stereo projections were 
made. The chair was then rotated counter- 
clockwise go degrees and two stereo right 
lateral projections were made. The chair 
was then rotated so that the original 
position was reversed, i.e. with the patient 
in an anteroposterior position. The belt 
around the patient’s waist was then re- 
leased and the patient’s shoulders and 
head were bent backward until the occiput 
was in close approximation to the vertical 
Bucky grid and two stereo anteroposterior 
projections were made. Full use of the 
Bucky retention band was made. At the 
conclusion of this procedure the patient was 
placed in a horizontal position after which 
the four stereo views were repeated on the 
horizontal Bucky grid. 

This technique was found to be satis- 
factory and possesses the following ad- 
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vantage: It makes possible encephalog- 
raphy in a sustained erect position. It 
insures the minimal amount of air which 
will provide adequate ventricular filling 
thereby reducing the postoperative reac- 
tion. It also provides minimal handling of 
the patient and reduces the average over- 
all time for this eighteen film technique, in- 
cluding spinal puncture and manumetric 
readings to approximately sixty minutes 
and is clinically satisfactory from the 
standpoint of the surgeon and radiologist. 


CONCLUSION 


(1) An original design for a chair for 
encephalography has been presented. 

(2) This chair can be easily duplicated. 

(3) The chair provides the mechanical 
facilities for encephalography in the erect 
position with a minimal operating time. 


J. Emerson Noll, M.D. 
Orange Square 
Port Jervis, N. Y. 
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A METHOD FOR BARIUM ENEMA EXAMINATION 
OF THE PATIENT WITH A COLOSTOMY 


By LIEUTENANT COLONEL PERCIVAL A. ROBIN 


MEDICAL CORPS, ARMY OF THE UNITED STATES 


(ent wounds of the intestinal 
tract constitute about 4 per cent of 
casualties in World War II. Prompt surgi- 
cal intervention in the first echelons of 
medical care results in a low mortality rate 
from this injury. The practice has been to 
perform a colostomy when these injuries 
involve the colon. The convalescence of pa- 
tients so treated is usually rapid and there- 
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fore early evacuation of the patient to the 
zone of the interior is possible for final 
definitive care. Whenever feasible, the 
colostomy is later taken down and normal 
large bowel function restored. 

Before this final surgical care can be in- 
stituted, it is necessary to study the colon 
by means of a barium enema, searching for 
strictures and other lesions in the large 
bowel that may have been overlooked 
previously. This procedure is generally 


carried out just before the operation. 

If the barium enema was introduced per 
rectum as had been our custom in the past, 
the portion of the colon distal to the colos- 
tomy filled, and barium then spilled over 
the abdomen saturating the dressings and 
frequently covering the examination table 
with barium. The entire roentgenoscopic 
and film examination was usually distaste- 
ful to patient, technician and radiologist 
because of the unpleasant soilage. Empty- 
ing of the distal segment of the colon was 
usually so rapid that satisfactory roentgen- 
ograms were the exception rather than.the 
rule. Finally, the proximal segment of the 
colon was seldom investigated. 

Pendergrass and Cooper' recently advo- 
cated the use of the rubber bulb, part of an 
Asepto irrigation syringe, to stopper the 
colostomy opening and thus permit roent- 
genoscopic and film study of the distal colon 
without some of the attendant difficulties 
mentioned above. Following this lead, cer- 
tain further improvements in technique are 
here suggested which will permit a study of 
the proximal and distal segments of the 
colon simultaneously. 

The technique employed is as follows: 
The same type rubber bulb is used but the 
portion normally adapted for the insertion 
into the syringe is tapered so that it more 
readily fits into the colostomy opening. If 
a double barrel colostomy exists, two such 
rubber bulbs are employed, one fitted into 
each of the openings. These are maintained 
in position with large strips of adhesive 
tape, tightened across the abdomen to exert 
some degree of pressure, thus giving a more 
secure seal. Connected to the usual enema 
can is a segment of rubber tubing which is 
bifurcated a few feet from the table by a Y. 

1 Pendergrass, R. C., and Cooper, F. W., Jr., Simple method of 


study of the colon in the presence of a colostomy. Am. J. Roext- 
GENOL. & Rap. THERAPY, 1944, 52, $63. 
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shaped glass tube. To each side of the glass 
tube is connected a 2 foot section of rubber 
tubing with an attached 15 gauge needle. 
Three clamps are used, one on the main 
tubing and one on each branch. The needles 
are forcibly introduced into the rubber 
bulbs, carefully noting which bulb leads to 
the proximal segment of the colon and 
which one to the distal (Fig. 1). 

The clamp on the tubing which connects 
the needle to the distal segment of the colon 
is released. The barium from the enema can 
flows very slowly into the distal portion of 
the colon. It is well to mention at this point 
that rather thin barium is preferable, other- 
wise the flow through the comparatively 
small gauge needle is too slow. When the 
distal segment of the colon is completely 
visualized under roentgenoscopic observa- 
tion, the tubing is clamped off and the 
clamp on the tubing connected with the 
proximal segment of the colon is then re- 
leased. The filling of this portion of the 
colon is observed roentgenoscopically and 
the barium is allowed to flow to the cecum 
and into the terminal ileum if possible. The 
needles are then withdrawn from the rubber 
bulbs and routine pre-evacuation roent- 
genograms of the colon are made in the 
anteroposterior position. Finally, the pa- 
tient withdraws the rubber bulb stoppers 
and the barium is evacuated from both 
loops of the colon through the colostomy 
into a urinal. 

The method thus outlined affords the 
radiologist an unhurried opportunity to 
study the entire large bowel roentgeno- 
scopically. The slow filling of the colon is 
advantageous because it prevents sudden 
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Fic. 2. Roentgenogram of the colon with the rubber 
bulbs visualized connected to the proximal de- 
scending portion of the colon. 


distention of the colon with the usual at- 
tendant discomfort to the patient as is the 
case when the barium enema is introduced 
in the routine manner. The resultant film is 
quite comparable to the routine roentgeno- 
grams of the colon (Fig. 2). Several lesions 
of the proximal portion of the colon which 
could not be visualized by the previous 
methods have been observed, and these 
findings have been of inestimable aid to the 
surgeon in his evaluation of the case. 
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Sruart, E. A. Otolaryngologic aspect of frontal 
meningocele. Arch. Otolaryng., Sept., 1944, 
171-174. 

Frontal meningocele is rarely encountered, 
but it must be considered in the differential 
diagnosis of the various fronto-orbital condi- 
tions for which patients may seek advice. 
Frontal meningocele is usually congenital in 
origin and therefore precedes any development 
of the frontal sinuses. (The author reports 1 
case which illustrates the possibility of the 
meningocele occurring as a result of trauma. It 
is therefore impossible to rule out frontal 
meningocele simply because the 
question has occurred after birth.) 

Only 4 cases of frontal meningocele have been 
recorded in the files of the Royal Victoria 
Hospital and the Montreal Neurological In- 
stitute. In each of these cases treatment was 
sought during the first year of life. In 2 of these 
cases there was marked widening of the inter- 
orbital space. 

Differential Diagnosis. Hypertelorism, a cran- 
iofacial deformity with marked separation of the 
eyes. Greig first described this condition in 
1924. He considered the primary cause to be a 
developmental abnormality of the sphenoid 
bone. 

Epidermoid cyst (or cholesteatoma) of the 
frontal sinus. This condition usually occurs in 
the outer half of the orbit and is present at 
birth. 

Mucocele of the frontal sinuses occurs, of 
course, only after the frontal sinuses are de- 
veloped.—Mary Francis Vastine. 


lesion in 


GREEN, JOHN R., and O_pBero, Eric. Injuries 
of the vertex of the skull with special refer- 
ence to the paracentral lobules of the brain. 
Surg., Gynec. & Obst., Sept., 1944, 79, 267 
275. 


Disturbance of certain somatoautonomic 


functions of the paracentral lobule region of the 
cerebrum may be easily confused with lesions 
of the spinal cord. The literature on this subject 
is reviewed and 2 cases are reported. 


/ 


Anatomical Considerations. The paracentral 
lobules are formed by continuations of the pre- 
central and postcentral gyri on the medial 
aspects of the brain. The anterior half belongs 
to the frontal lobe and the posterior half belongs 
to the parietal lobe. 

Arterial blood reaches the paracentral lobule 
from a branch of the anterior cerebral artery. 
Under normal conditions the venous blood 
empties into the superior longitudinal sinus. If 
this pathway is gradually obstructed, a fairly 
efficient collateral circulation is maintained by 
veins which anastomose freely with the lateral 
cerebral veins. 

Pathological Features. The most common 
type of military injury occurs as the result of a 
gutter or tangential wound at the midline of the 
head. In civil life the injury is more likely to be 
produced by a direct blow to the vertex. Usually 
both tables are depressed causing a spoon- 
shaped depression in the skull. Exposure of the 
superior longitudinal sinus in such cases usually 
reveals the presence of a thrombus in the sinus. 

Circulatory disturbances in the paracentral 
lobules may be caused by a number of condi- 
tions other than traumatic lesion, viz., neo- 
plasms, particularly the parasagittal meningio- 
mas, thrombosis of a superior cerebral vein 
without involvement of the superior longitudi- 
nal sinus and thrombosis of the anterior 
cerebral artery. 

Physiology of the Paracentral Lobules. The 
cerebral centers for the rectal and urinary 
sphincters are probably located in the para- 
central lobules. Damage to these areas may be 
manifested by an inability to initiate or to stop 
micturition voluntarily or by an inability to 
appreciate bladder distention. 

Clinical Considerations. Traumatic lesions 
which occur in the region of the vertex of the 
skull may injure the paracentral lobules 
directly or cause damage indirectly by means of 
venous obstruction. 

The majority of cases show little change in 
consciousness. This fact, together with the loss 
of function of the legs, bladder, and rectum may 
initially suggest the presence of pathology in the 
spinal cord rather than in the cerebrum. 

The symptoms and signs of increased intra- 
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cranial pressure are usually lacking although 
many of the patients complain of headache. 

In the upper extremities the proximal seg- 
ments are the most severely affected and re- 
cover last. The muscles of the back are fre- 
quently involved so that the patient can 
neither sit up nor move about in bed. The 
paralysis of the legs is the converse of that in the 
arms; thus the distal segments suffer most and 
recover last. The marked rigidity of the affected 
extremities is a striking feature. 

The association of motor and autonomic 
disturbances (e.g., dysfunction of urinary blad- 
der, rectal, and sexual mechanisms) with these 
lesions of the paracentral lobules has received 
little emphasis up to this time.—Mary Frances 
Vastine. 


Pertorr, Wittiam H., Rose, Epwarp, and 
SuNDERMAN, F. Wititam. Therapeutic ob- 
servations in Cushing’s syndrome; effect of 
various agents on calcium, phosphorus and 
nitrogen excretion in a patient with pituitary 
basophilism. Arch. Int. Med., Oct., 1943, 72, 
494-505. 

The case of a thirty year old woman with 
pituitary basophilism in whom skeletal changes 
were particularly striking and in whom the 
diagnosis was reached by exclusion is reported. 
The skeletal changes were those of deminerali- 
zation and compression fractures of the verte- 
brae. Prolonged metabolic studies were made 
on the patient. Such studies were made at in- 
tervals from February, 1941, until April, 1942, 
with the following purposes in mind: (1) to ob- 
serve the effects of varying calcium-phosphorus 
ratios in the diet and of various combinations of 
therapeutic agents on the excretion of calcium, 
phosphorus and nitrogen; (2) to determine the 
effect of such dietary and therapeutic combina- 
tions on the serum concentration of calcium, 
inorganic phosphorus and protein and the 
activity of phosphotase in the serum; (3) to 
observe the effect of such treatment on the 
patient’s symptoms and clinical course. 

Certain striking objective and subjective 
changes occurred during the course of the 
patient’s treatment. The subjective changes 
included a definite increase in muscular strength 
and improvement in the backache following the 
prolonged period (123 days) treatment with 
calcium gluconate, vitamin D and testosterone. 
At the same time there was noted deepening of 
the voice, enlargement of the clitoris and 
marked increase in the facial acne and hirsutism. 
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The hirsutism decreased when the use of 
testosterone was stopped. The objective changes 
was stopped. The objective changes noted after 
prolonged testosterone therapy included amel- 
ioration of the diabetes with improvement of 
the tolerance for dextrose and some recalcifica- 
tion of the spine and increase in the urinary 
excretion of 17 ketosteroids to 25 milligrams 
per twenty-four hours. 

Other definite objective changes were: (1) 
loss of calcium chiefly through the urine when 
the calcium intake was low; (2) ability to retain 
intravenously administered calcium; (3) re- 
tention of calcium and increased retention of 
phosphorus following large doses of vitamin D; 
(4) retention of nitrogen during and after the 
first phase of testosterone therapy whereas less 
marked retention of nitrogen was noted follow- 
ing its continued use for a period of 123 
days; ($5) negative calcium balance, increase 
in fecal phosphorus and retention of nitrogen 
after the administration of diethylstilbestrol. 

The authors conclude that the theory pre- 
pounded by Albright e¢ a/. of protein deficiency 
as the basis of the osteoporosis of Cushing’s 
syndrome still lacks proof although some evi- 
dence in its favor exists.—f. McCort. 


Moore, Marruew T. The Morgagni-Stewart- 
Morel syndrome; report of a case with 
pneumoencephalographic findings. Arch. Int. 
Med., Jan., 1944, 73, 7-12. 


The author reports this case to illustrate 
failure to recognize the condition over a period 
of many years because of the slow progress and 
apparently innocuous nature of the disease 
which was euphemistically dismissed as a 
harmless psychoneurosis. The patient was a 
thirty-nine year old married woman admitted 
with the chief complaints of headaches and 
attacks of drowsiness accompanied by con- 
vulsive seizures. The patient had menstrual 
irregularities and imbalance of the vegetative 
nervous system. Laboratory studies showed an 
abnormal calcium-phosphorus ratio, a high 
blood cholesterol level, a low basal metabolic 
rate, and disturbed sugar tolerance. Thus, there 
was indication of both a metabolic and en- 
docrine disturbance. 

Pneumoencephalograms showed pronounced 
cortical atrophy over the frontal and parietal 
lobes, atrophy of the islands of Reil, and mod- 
erately advanced internal hydrocephalus with 
asymmetry and irregularity of the lateral ven- 
tricle. The skull itself showed an increased 
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thickness and density of bone throughout the 
frontal, parietal and occipital regions. In addi- 
tion there were irregular hyperostoses of the 
inner table of the frontal and parietal bones. 
The sella turcica was small and the clinoid 
processes were almost completely bridged. 
Study of the encephalogram showed that the 
areas of cortical atrophy were not in direct con- 
tact with the hyperostoses at all points but that 
fluid-filled spaces existed between the inner 
table of the skull and the brain. This observa- 
tion would seem to rule out the theory that the 
pressure exerted by the hyperostoses results in 
cortical degeneration; it would also preclude the 
contention that the hyperostosis fills in the 
“dead space” as a compensatory mechanism.— 


F. McCort. 


KapLaANn, ABRAHAM. Traumatic pneumoceph- 
alus with spontaneous ventriculograms. 7. 
Neurosurg., May, 1944, 7, 166-170. 


Kaplan reports a case of traumatic pneumo- 
cephk ..'us associated with a fracture of the right 
frontal bone and cribriform plate in a thirty 
year old male. Cerebrospinal rhinorrhea and a 
well outlined ventricular system were present. 
Repair of the defect was accomplished with 
complete recovery save for persistent anosmia. 
Pneumocephalus most often follows fracture of 
the posterior wall of the frontal sinus or cribri- 
form plate. Cerebrospinal rhinorrhea with 
pneumocephalus may occur spontaneously in a 
patient with congenital arachnoid projections 
about the olfactory nerve. In pneumocephalus 
air may be trapped in the subdural, subarach- 
noid or ventricular systems or it may enter the 
brain substance. Other trauma such as intra- 
nasal manipulation, craniotomy, local inflam- 
matory lesions, osteomatous erosion, or down- 
ward projection of a pituitary neoplasm may 
produce pneumocephalus. Chemotherapy has 
altered the outlook; untreated cases have a 
mortality of 40 to $0 per cent. Spontaneous cure 
may occur, surgical repair of cases of rhinorrhea 
should be attempted early.—Leo 4. Nash. 


Wycis, Henry T. Basilar impression (platy- 
basia); a case secondary to advanced Paget’s 
disease with severe neurological manifesta- 
tions. ¥. Neurosurg., Sept., 1944, 7, 299-305. 


Basilar impression producing neurological 
findings has been reported not infrequently. A 
case secondary to Paget’s disease in a fifty year 
old white male with severe neurological mani- 
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festations which was successfully treated by 
high cervical laminectomy and _ suboccipital 
decompression is reported by Wycis. Chamber- 
lain’s report and excellent comments concern- 
ing these cases generally is included.—Leo A. 


Nash. 


HayMaker, Wess, and Foster, Mites E., Jr. 
Intracranial dural cyst. 7. Neurosurg., May, 
1944, 7, 211-218. 


Cysts located solely in the dura are rare. One 
in the spinal dura has been recorded. Cysts near 
the dura, however, have often been reported. 
Haymaker and Foster report a case of an in- 
tradural cyst located in the occipital region 
producing severe pain and blurred vision in a 
thirty-four year old soldier. The lesion had 
eroded the occipital bone as seen on plain 
roentgenograms. The patient was explored and 
the cyst drained. Death due to infection oc- 
curred some weeks later. The lesion proved to be 
intradural and unilocular about 9 by 6.5 cm. in 
size, with walls from 2 to 3 mm. in thickness 
above and below the level of the tentorium and 
on both sides of the midline. The authors sug- 
gest that the cyst was formed by failure of the 
two layers of the dura to unite in fetal life.—Leo 


A. Nash. 


TURNBULL, Frank. Extradural cerebellar he- 
matoma. F. Neurosurg., Sept., 1944, 7, 321- 
324. 

Turnbull reports a case of a subacute or de- 
layed post-traumatic extradural cerebellar he- 
matoma which presented signs of a cerebellar 
lesion and which was successfully removed. 
Ventriculography revealed moderate internal 
hydrocephalus. He cites the rarity of the loca- 
tion of this lesion.—Leo A. Nash. 


INGRAHAM, Franc D., and BaliLey, Orvitte T. 
Cerebellar medulloblastoma with verification 
nineteen years after the onset of symptoms. 
F. Neurosurg., July, 1944, 7, 252-257. 


Because the characteristics of medulloblas- 
tomas have been so firmly established as solid 
midline cerebellar tumors of childhood with 
rapid progression, Ingraham and Bailey report 
a case which departs clinically in almost all 
respects from the usual behavior of this tumor. 
The authors’ summary is as follows: “A cystic 
tumor was demonstrated by aspiration of fluid 
in the cerebellum of a girl of 15 in 1924. Roent- 
gen therapy, of inadequate dosage, was given in 
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1926 and 1927. Symptoms recurred in 1927, but 
improved after negative exploration. Following 
another asymptomatic interval, symptoms 
again appeared in 1943. At that time, a medul- 
loblastoma was demonstrated. This patient thus 
presents marked deviation from the usual syn- 
drome of cerebellar medulloblastoma.”—Leo 


A. Nash. 


Hara, James H. Ossifying fibroma of the 
superior maxilla. Arch. Otolaryng., Sept., 1944, 
gO, 180-188. 


Ossifying fibroma is a rare benign tumor of 


nondental origin. Fibroma of this type is mixed 
with osseous elements in varying amounts. 
Ewing called this type of growth secondary 
osteoma since it appears as a result of secondary 
ossification of the connective tissue. 

Genesis of the Tumor. Ossifying fibroma de- 
velops in the spongiosa. The exact mode of its 
origin is not definitely known. Phemister and 
Grimson stated that the growth is a true neo- 
plasm and not a form of osteitis fibrosa, hyper- 
ostosis or chronic inflammation. A number of 
writers have noted an association with carious 
teeth. Others have mentioned facial trauma as a 
predisposing factor. 

Symptoms and Physical Signs. The disease 
occurs in women much more frequently than in 
men. The tumor grows slowly. It usually in- 
volves one side of the superior maxilla. In one 
group the site of predilection is in the antero- 
lateral portion of the upper jaw, including the 
alveolar process. In the second group the tumor 
invades the hard palate, occasionally causing 
dysphagia. The tumor shows no tendency to 
metastasize. No case has been recorded in which 
it became malignant. 

Roentgenographic Diagnosis. The contour of 
this tumor is always smooth. Roentgenologi- 
cally, two distinct types of ossifying fibroma 
may be recognized: (1) circumscribed and (2) 
diffuse. The maxilla is markedly enlarged and 
the cortex is thinned. There is no periosteal 
reaction. Depending on the age of the patient 
and on the amount of calcification, the tumor 
appears to vary from diffuse haziness to com- 
plete ashy density. In the 3 case reports given, 
the lower half of the affected maxillary sinuses 
appeared diffusely clouded. 

Macroscopic and Microscopic Examinations. 
The ossifying fibroma is soft yet firm at opera- 
tion. The cutting knife gives the operating 
surgeon a sensation not unlike cutting into a 
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raw potato. The tumor is moderately vascular. 
It has no distinct capsule. It is creamy in color. 
Histopathologically, the growth consists of 
abnormal bony trabeculae, thin and irregular, 
scattered in a stroma of abnormal connective 
tissue. 

Treatment. Aaron reported a case in which 
ossifying fibroma was successfully treated with 
a large dose of radiation. However, the treat- 
ment of choice is surgical removal. Phemister 
and Thoma caution against sacrificing too large 
an area in removal. When the tumor involves 
the alveolar ridge it is curretted down to the 
dental roots, but the teeth are spared. In 
selected cases, small fractional doses of radia- 
tion may be given following the operation. The 
preferable method of removal is that of careful 
excision of the growth with cauterization of the 
surrounding area. 

Summary. Three tumors diagnosed as os- 
sifying fibroma of the superior maxilla occurred 
in two women, aged twenty and twenty-nine, 
and a boy fourteen years of age. These cases are 
reported.—Mary Frances Vastine. 


Fict, Freperick A., and Row.Lanp, WILLARD 
D. Primary tumors of Stensen’s and Whar- 
ton’s ducts. Arch. Otolaryng., Sept., 1944, 40, 
175-176. 

Tumor arising in Stensen’s or in Wharton’s 
duct is rare. A review of the literature has failed 
to reveal any reports of a tumor primary in 
either of these locations. In all probability the 
condition is not as unusual as this fact might 
indicate, however, for one fairly frequently en- 
counters in the floor of the mouth a malignant 
neoplasm that is too far advanced to permit 
of recognition of the site of origin. Two cases of 
adenocarcinoma of the main salivary ducts 
have come under the authors’ observation in 
recent years. In addition two inflammatory 
nodules occurring without associated salivary 
calculi have been encountered in these struc- 
tures. Clinically the latter nodules were in- 
distinguishable from true neoplasms. 

Symptoms. The symptoms complained of in 
the cases of true neoplasm were not uniform. In 
1 case they were those characteristic of recur- 
ring obstruction in Stensen’s duct. Sudden pain 
with tenderness and swelling in the parotid 
region was induced by eating, terminating 
spontaneously with a gush of saliva into the 
mouth and a foul taste. In the other case of 
adenocarcinoma of Wharton’s duct, the patient 
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had noted two small tender nodules in the right 
side of the floor of the mouth situated ante- 
riorly along the course of the submaxillary 
salivary duct. These had increased steadily in 
size but had not produced evidence of obstruc- 
tion to the flow of saliva. 

Differential Diagnosis. A salivary calculus 
lodged in Stensen’s or Wharton’s duct is the 
principal consideration in differential diagnosis. 
On palpation the consistency of the tumor is 
indistinguishable from that of a calculus. The 
possibility of a calculus being present and ac- 
counting for the findings can be excluded only 
by means of roentgenograms made with large 
dental films inside the mouth. A roentgenogram 
not showing a pronounced shadow should im- 
mediately suggest the possibility of neoplasm. 

Anatomy of the Tumors. The tumors in these 
cases were firm, movable, tender, slow-growing 
and each appeared to be encapsulated within 
the wall of the duct, so that they were relatively 
easy to remove. Histopathologic study was 
necessary for definite recognition, and excision 
was carried out for this purpose as well as for 
therapeutic reasons.—Mary Frances Vastine. 


MISCELLANEOUS 


Braestrup, C. B. Industrial radiation hazards. 
Radiology, Sept., 1944, 43, 286-292. 


The use of radiation in industry has increased 
to such an extent that more is now used in 
industry than in medicine. It is important 
therefore that industrial workers be protected 
from the action of radiation which caused so 
many fatalities among the earlier workers in 
medical radiology. 

On the basis of experience in medical radiol- 
ogy it was calculated that a dose of 0.2 r per 
day could be borne without injury. The daily 
tolerance dose recommended by the Bureau of 
Standards, however, in their Handbook on the 
subject issued in 1938 is 0.1 r per day. And in 
industry not only the voltages used should be 
taken into consideration but also the other 
factors of milliamperage, target distance and 
exposure time. Charts are given showing the 
thickness of lead required for protection with 
different voltages, milliampere-minutes and 
distances, assuming a daily tolerance dose of 
c.1 r. A table is also given showing the results 
of protective measurements at 400 and 1,000 
kilovolts, the necessary amount of protection 
being given for different exposures per day 
indicated in milliampere-minutes and corre- 
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sponding milliamperages for continuous opera- 
tion. Concrete may also be used as a protective 
material, particularly for the higher voltages 
or where it is already a part of the building 
construction. If a worker is exposed to the 
action of several tubes at the same time the 
protection of each tube should be calculated 
for all of them. 

Scattered radiation from the objects to be 
irradiated or from the floors, walls and ceilings 
of the buildings must also be considered. As 
scattered radiation is approximately propor- 
tional to the area irradiated it is important to 
limit the cross section of the beam to the actual 
requirements. In some cases it has been possible 
to cut the stray radiation to half merely by 
adding a lead diaphragm to the aperture of the 
tube. Reduction of scatter also improves the 
quality of the roentgenograms. 

Radium protection requires practically the 
same precautions as those used for roentgen 
protection. 

Often injurious results are not due to defec- 
tive equipment but to ignorance or carelessness 
on the part of the personnel. Technicians 
should be trained carefully in safe operative 
procedures. Stray radiation should be checked 
at regular intervals. This may be done by hav- 
ing the workers carry dental films on different 
parts of the body for about a month and check- 
ing the density of the test films with that of 
control films with a known exposure. Pocket 
ionization chambers may be used in place of the 
films if greater accuracy is necessary.—Audrey 
G. Morgan. 


HensHAW, Paut S. Leukemia in mice following 
exposure to x-rays. Radiology, Sept., 1944, 
43, 279° 285. 


The author studied the relationship of irra- 
diation to leukemia in C57 Black mice. This 
strain was used because they show a normal 
incidence of leukemia of not more than Io per 
cent. The term leukemia is used in this article 
to cover not only the myeloid, lymphoid and 
monocytic forms, but also lymphomatosis, 
lymphosarcoma, lymphadenosis and pseudo- 
leukemia. 

The mice were given doses of 200 r over the 
whole body every four weeks until six doses had 
been given. At this time the leukocyte count 
was dangerously reduced (1,000 per cubic milli- 
meter or less) and the animals were in a cachec- 
tic condition. Leukemia was found in 29.8 per 
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cent of these animals and in only 7 per cent of 
non-irradiated controls. 

Graphs showing blood controls are given and 
microphotographs showing the leukemia find- 
ings. The irradiation destroys blood-forming 
tissue and results in leukopenia. If the damage 
is not too severe recovery takes place over a 
period of months and following this regenera- 
tive process hyperplasia and neoplasia of the 
hematopoietic tissues develops, which may or 
may not be accompanied by marked leukocy- 
tosis. Hyperplasia of various hematopoietic 
tissue was seen, most frequent in the thymus 
but varying in distribution in different animals. 
There was invariably invasiveness of leukocytes 
from normal sites into adjacent tissues. As a 
rule, the cell forms were undifferentiated and 
indeterminate. The cell types was not the same 
for all animals though they were given the same 
treatment under the same conditions.—Audrey 
G. Morgan. 


Marcu, Herman C. Leukemia in radiologists. 
Radiology, Sept., 1944, 43, 275-278. 


For some years there has been an impression 
that exposure to radiation might cause leu- 
kemia. Twenty-three cases of leukemia fol- 
lowing irradiation have been reported in the 
world literature but in some of these details 
were lacking and the causal relationship was 
not established. 

The author was impressed by the death of 3 
radiologists from leukemia during 1943. He 
therefore made a study of the deaths of radiolo- 
gists reported in the AMERICAN JOURNAL OF 
ROENTGENOLOGY AND Rapium THERAPY and in 
Radiology for the past fifteen years and found 
that among 175 deaths, the cause of which was 
reported in 173, 8 deaths had been caused by 
leukemia. This gives an incidence of 4.57 per 
cent for all types of leukemia in radiologists 
for the past fifteen years. The incidence of 
deaths from leukemia among physicians not 
practicing radiology during this same period 
was 0.44 per cent. The incidence of leukemia 
therefore among radiologists was more than 
ten times that among among physicians not 
practicing radiology. A statistical analysis 
shows that there is only one chance in a million 
of getting 8 cases of a condition by chance alone 
in a group of 175 cases, when the standard rate 
of incidence is 0.441 per cent. 

The author suggests that the deaths and 
major illnesses of all radiologists be recorded 
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by some central agency so that the relationship 
between prolonged irradiation and various 
pathological conditions may be established.— 
Audrey G. Morgan. 


Hensnaw, Paut S., and Hawkins, James W. 
Incidence of leukemia in physicians. ¥. Na¢i. 
Cancer Inst., Feb., 1944, 4, 339-346. 


On the basis of evidence in the literature sug- 
gesting that high energy radiation may in- 
crease the incidence of leukemia in (1) radiation 
workers under conditions resembling those in 
which radiation carcinoma has developed and 
in (2) animals experimentally exposed to roent- 
gen rays, a study was made by the authors of 
the incidence of leukemia in physicians by com- 
paring the incidence of this disease with the 
occurrence in the general population. 

Data were obtained from the death lists of 
the Fournal of the American Medical Associa- 
tion, from the mortality reports of the United 
States Bureau of the Census, and an unpub- 
lished compilation of the United States Public 
Health Service. Comparisons were made on the 
basis of (1) the ratio of deaths from leukemia to 
deaths from cancer, (2) ratio of deaths from 
leukemia to total death rates, and (3) death 
rates from leukemia. Curves were plotted in 
each of these groupings and differences in inci- 
dences were noted. After corrections were deter- 
mined, leukemia was recognized approximately 
1.7 times more frequently among physicians 
than among white males in the general popula- 
tion. 

The authors state that it is not definitely 
known that radiation is responsible for the ap- 
parently higher incidence among physicians, 
but that this finding is in accord with the find- 
ings on experimental animals in which exposure 
to roentgen rays has been found to increase the 
incidence of leukemia.—Harry Hauser. 


MacKee, Georce M., Ar- 
THUR, and CipoLtLaro, AnTHoNy C. Time 
factor in irradiation. Arch. Dermat. & Syph., 
April, 1943, 47, 499-497; correction, May, 
1943, 47, 762. 


Holthusen in 1933 published a curve showing 
a definite relationship between biologic effect 
and the intensity rate of irradiation. This was 
the first proof of such a relationship. His curve 
is reproduced and the authors describe their 
experiments which show that the effect is de- 
pendent not only on intensity rate but also on 
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time. They irradiated adjacent areas of skin, 
keeping time and rate constant on one and 
varying one of the factors on the other, while 
keeping the second factor constant. They used 
unfiltered radiation with 52 kv. and 10 ma. 
and a half-value layer of 0.5 mm. aluminum in 
one series and 100 kv., 5 ma. and a half-value 
layer of 0.8 mm. aluminum in the other. A 
table and graph are given showing the results 
of their experiments. They confirmed Holthu- 
sen’s results in regard to the influence of inten- 
sity rate on effect and also showed that time 
has an effect on the biologic response of tissue 
to irradiation. They show that the decreased 
effectiveness of radiation at lower intensities 
is due to healing or recovery during the irradia- 
tion. A latent amount of radiation has to be 
given before any cells are destroyed. For human 
skin the latent dose is approximately 130 roent- 
gen minutes. This must be subtracted in calcu- 
lating quantitative results.—Audrey G. Mor- 
gan. 


MackKee, Georce M., Ar- 
THUR, and CipoL_aro, ANTHONY C., The area 
factor in roentgen irradiation. Arch. Dermat. 
& Syph., May, 1943, 47, 657-664. 


It has been known that the size of the area 
irradiated has an influence on the effectiveness 
of the irradiation but no definite figures for 
this relationship had been worked out. As this 
area factor is important in the treatment of 
skin lesions, the authors made physical deter- 
minations of the amounts of radiation required 
to produce identical reactions on different sized 
skin areas. Tables and graphs giving the details 
of their results are published. They irradiated 
two skin areas on the same subject, one area 
being kept uniform in size and the size of the 
other varied by the use of protecting lead 
masks. When 52 and 100 kv. of unfiltered radia- 
tion were used the area of reaction was I.§ mm. 
smaller than the area exposed; with 120 kv. 
and 3 mm. aluminum filter it was 3 mm. small- 
er. With increase of voltage and filtration the 
proportion of the area of reaction to the area 
exposed decreased progressively. Therefore to 
cover all parts of a small lesion the diameter of 
the exposed field must be extended 1.5 mm. 
beyond the lesion for unfiltered radiation and 
3 mm. for slightly filtered radiation. The varia- 
tion in area with nonfiltered or slightly filtered 
radiation is slight with areas of more than 2 
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sq. cm. and with highly filtered radiation it is 
slight with areas of over 10 sq. cm. 

It is assumed that secondary radiation from 
the exposed tissues to adjacent non-exposed tis- 
sue causes a decrease of intensity near the bor- 
der and surface of the exposed tissue. The math- 
ematical equation based on this assumption is 
worked out and the values found experimentally 
agree closely with the values calculated theo- 
retically. 

In accordance with these facts radiation of 
high voltage and heavily filtered radiation 
through small openings would give rise to an 
intensified triangle in the deep tissues and to 
greatly reduced action of the radiation at or 
near the surface of the skin. This problem is 
being studied further and a report will be made 
on it later.—Audrey G. Morgan. 


Russe.t H. A quantitative study of 
the effect of temperature on sensitivities of 
x-ray screens and films. Radiology, Sept., 
1944, 43, 256-266. 


This study is concerned with the relationship 
between temperature and the brilliance of 
fluorescent screens and the sensitivities or 
speeds of roentgenographic films exposed with 
intensifying screens and with roentgen rays 
directly. A diagram of the thermal chamber 
used in studying the effect of temperature on 
the brilliance of fluorescent screens is given and 
curves showing the effect of a considerable 
range of temperatures on different types of 
fluorescent screens. Curves are also given show- 
ing the effect of temperatures on roentgeno- 
graphic films exposed with and without intensi- 
fying screens. 

At the levels of intensity used in chest roent- 
genography the effect of temperature on the 
sensitivities of the various film-screen combina- 
tions is negligible below 25° C. Above room 
temperature the amount of radiation required 
to give a given radiographic effect rises slowly 
until at 60° C. it is 0 to 100 per cent higher 
than at room temperature. At low levels of 
intensity (the conditions at which lateral lum- 
bar spine films are made) the effect of tempera- 
ture is even more marked. 

Over great ranges of temperature such as 
may be met with in military service there are 
frequently great changes in the sensitivities of 
roentgen films and _ screens. Temperature 
through a long range has little effect on the 
sensitivity of films exposed to roentgen rays 
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direct without the use of an intensifying screen. 
Audrey G. Morgan. 


Hensuaw, Paut S. Influence of irradiation- 
killed cells on tumor growth. 7. Na#/. Cancer 
Inst., Dec., 1943, 4, 305-307. 


Three types of experiments were carried out 
to investigate the influence of irradiation-killed 
tumor cells of the behavior of viable tumor 
cells. In all cases, mouse sarcoma 37 was used 
in young Dilute Brown male mice. The tumors 
grow rapidly and kill the host animal in ten to 
twenty days. Roentgen doses of 5,000 r applied 
to the tumor pulp before inoculation prevents 
all tumor growth. 

In the first experiment, the pulp material 
was irradiated with a dose of 5,000 r in twenty- 
five minutes, the factors being 200 kv., 20 ma., 
25 cm. distance and 0.25 mm. Cu plus 0.55 mm. 
Al filter. Then a mixture was made of treated 
and nontreated pulp material in the following 
proportions: 2§ per cent irradiated plus 75 per 
cent nonirradiated, 50 per cent irradiated plus 
§© per cent nonirradiated, and 7§ per cent ir- 
radiated plus 25 per cent nonirradiated. Ten 
inoculations were made with each type of mix- 
ture and tumors grew rapidly in all cases killing 
the animals in ten to twenty days. 

In the second experiment 10 well established 
subcutaneous tumors, 4 to § mm. in diameter, 
were obtained. Irradiation-killed pulp was in- 
oculated subcutaneously into the region im- 
mediately surrounding the growing tumor 
masses. Again the rate of growth was not im- 
paired by the presence of nonviable tumor ma- 
terial and that death of the host animal oc- 
curred as normally in ten to twenty days. 

In the third experiment, tumors growing in 
animals were exposed to 5,000 r in a tangential 
manner which causes complete regression in 85 
to 95 per cent. Ten animals with tumors Io to 
15 mm. in diameter were irradiated and im- 
mediately following treatment 0.04 mg. of nor- 
mal viable pulp was injected directly into the 
irradiated tumor masses. New tumors arose 
within the scarred areas in all cases. 

The author concludes that so far as the ma 
terial tested is concerned, irradiation-killed 
cells or their decomposition products exert no 
inhibitory influence on the growth potentiality 
of viable tumor cells.—Harry Hauser. 


Hensuaw, Paut S. Experimental roentgen in- 
jury. I. Effects on the tissues and blood of 
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C3H mice produced with single small whole- 
body exposures. F. Natl. Cancer Inst., April, 
1944, 4, 477-484. 

This communication deals with the first of a 
series of experiments to determine the effect of 
roentgen irradiation on the animal organism as 
observed by changes in tissues and peripheral 
blood. A single dose of 50 r was administered 
to 39 C3H mice at a rate of 8 r per minute. The 
technical factors were 200 kv., 20 ma., 0.§ mm. 
Cu and 1.06 mm. Al filter, and 105.3 cm. dis- 
tance. Blood counts were made and tissues 
fixed at 1, 2, 4, 8, 12 and 24 hours, and 2, 4, 7, 
10 and 14 days after irradiation. During the 
experiment, 3 animals were examined each 
time a count was made and the same 3 ani- 
mals were killed for tissues. Three control ani- 
mals were killed at the beginning and 3 other 
controls at the end of the experiment. A slight 
leukocytosis developed in two to four hours, 
which was followed within eight to twelve 
hours by a mild but persisting leukopenia, 
mainly or entirely a lymphopenia. The early 
transient leukocytosis suggests an inflammatory 
response to tissue damage. The production of 
the sustained leukopenia suggests that the 
limits of the leukocyte reserve were exceeded. 
The lymph nodes exhibited a small amount of 
nuclear debris at two to four hours followed by 
a mild hyperplasia at eight to twelve hours 
with disappearance of the nuclear debris. The 
seminiferous tubules of the testis showed a re- 
duction in spermatogonia and primary sperma- 
tocytes at one week and of secondary spermato- 
cytes at two weeks. Regeneration took place 
and the tubules appeared normal again in four 
to six weeks. Other minor tissue changes were 
observed such as swelling of the intestinal 
mucosa with hydropic changes in the lining 
cells of the villi. The edema and acid staining 
of the cytoplasm disappeared in eight to twelve 
hours. All these tissue changes indicate that, 
for the dose of radiation applied, the time of 
response is determined largely by the cells or 
tissues concerned and that the responses take 
place to some extent independently of each 
other. 

The article is well illustrated with excellent 
photomicrographs of the changes in the lymph 
nodes, testis and ileum.—Harry Hauser. 


HensHAw, Paut S. Experimental roentgen in- 
jury. II. Changes produced with intermedi- 
ave-range doses and a comparison of the rela- 
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tive susceptibility of different kinds of ani- 
mals. ¥. Natl. Cancer Inst., April, 1944, 4, 
485-—Sol. 


In this second of a series of experiments, the 
author deals with the effects produced by doses 
commonly used in therapy ranging from 50 to 
400 r. The animals used were C3H mice, LAF; 
mice and guinea pigs. Doses of 50, 100, 200 
and 400 r were applied to the whole body of 
these animals using the same technical factors 
as in Experiment 1. Studies of the peripheral 
blood indicated an early leukocytosis followed 
by a leukopenia in animals receiving 50, 100 
and 200 r, and only a leukopenia in those re- 
ceiving 400 r. Guinea pigs proved to be more 
sensitive than C3H and LAF, mice, and LAF, 
mice somewhat more resistant than C3H mice. 
Lymph nodes, spleen, bone marrow and testis 
studied microscopically showed greater degrees 
of destructive changes with the higher doses. 
Some of the animals receiving 400 r died within 
eight days of exposure. 

In a general way, the tissue response con- 
sisted of a parenchymatous cell loss followed by 
a slow return to normal if the damage was not 
too severe. Loss of functional cells appeared to 
result both from destruction of primitive cells 
and from further maturation. Regeneration in 
each case started from primitive cell forms that 
had survived irradiation fatal to other cells. 
Some of the more primitive cells were able to 
withstand doses of radiation that were fatal to 
primary spermatocytes, in this respect contra- 
dicting the view generally held that the more 
primitive the cell type, the more vulnerable to 
irradiation. Leukocyte reserves appeared to 
prevent the peripheral blood picture from re- 
flecting precisely the condition of the hemato- 
poietic tissue when the dosage was slight. Idio- 
syncrasies in the animal types were sufficient to 
indicate the necessity of using homogeneous 
groups of animals in making critical studies. 
The problems of the organism following mod- 
erate doses of radiation appear to depend 
largely upon injury to the stem cells of regen- 
erative tissues. The article is well illustrated 
with graphs depicting peripheral blood changes 
and photomicrographs of lymph nodes, bone 
marrow and testis showing different stages of 
destruction and regeneration.—Harry Hauser. 


Hensuaw, Paut S. Experimental roentgen in- 
jury. IIT. Tissue and cellular changes brought 
about with single massive doses of radiation. 
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¥. Natl. Cancer Inst., April, 1944, 4, 503-512. 


In order to shorten the time of death of ani- 
mals, massive single doses of 25,000 to 50,000 r 
were delivered to 10 C3H mice, 4 guinea pigs 
and 12 rabbits. Guinea pigs died from shock at 
the end of treatment (three hours), rabbits 
within three to six hours after treatment, and 
the mice within twenty-four to forty-eight 
hours. Symptoms of restlessness, labored res- 
piration, cyanosis and spastic twitching and 
stupor appeared during exposure. There was no 
evidence of hemoconcentration in the animals 
which died within a few hours of exposure, 
probably because there was not sufficient time 
for reaction. The leukocyte count dropped to 
a third in the first hour and during the second 
hour to about a tenth. Widespread tissue de- 
struction took place. Lymphoid tissue was com- 
pletely disarranged, the only cells appearing 
sufficiently intact being large, swollen, pink- 
staining primitive type cells. The bone marrow 
was similarly affected, but the amount of actual 
cellular debris was not so marked. The testes 
showed extensive changes including cytoplas- 
mic degeneration, nuclear darkening and exten- 
sive cell loss with only skeletons of tubules re- 
maining. Other tissues involved included small 
intestine, skin, lungs, liver, kidneys, adrenals 
and nervous system. In order to determine the 
nature of the shock reaction the testes of rab- 
bits were irradiated locally with 25,000 r in 
less than thirty minutes. Within thirty-six 
hours extensive necrosis was present in pulmo- 
nary tissues. Excellent photomicrographs dem- 
onstrating destructive changes in the tissues 
accompany the article.—Harry Hauser. 


HeNnsHAw, Paut S. Experimental roentgen in- 
jury. IV. Effects of repeated small doses of 
x-rays on blood picture, tissue morphology, 
and life span in mice. ¥. Natl. Cancer Inst., 
April, 1944, 4, §13-§22. 

Because various physiologic complications or 
diseases late in life may unsuspectingly result 
from exposure to ionizing radiations, experi- 
ments were carried out to determine the effect 
of small daily doses of roentgen rays on animals. 
C3H male mice were exposed to small daily 
doses of 5, 10, 15, 20 and 25 r. Two complete 
experiments were performed, the second being 
a duplicate of the first except that the treat- 
ments in the first were discontinued at the end 
of twelve weeks since this experiment was ex- 
ploratory in character. There was a fall in 
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leukocytes over a twenty-four week period. In 
animals receiving § to 1§ r the neutrophils 
showed little change from the controls, but in 
those receiving 25 r there was a gradual drop in 
the count. The lymphocytes were more readily 
affected by smaller doses and showed a drop 
earlier in the treatment period. Extensive par- 
enchymatous tissue damage was seen in lymph 
nodes, spleen, bone marrow, and testis, the 
degree of which varied in a general way with the 
size of the daily dose. A shortening of the life 
span was noted, the amount of which varied 
directly with the daily dose. 

In addition, a few animals receiving 15 to 20 
r per treatment for twelve weeks only showed 
a hyperplastic marrow with a fairly large primi- 
tive type cell as the predominant type. This 
cell was also prominent in the hematopoietic 
organs, surrounding musculature, kidneys, 
liver, lungs and other organs. Because of the 
invasive character of this primitive type cell, 
it has been regarded as a form of leukemia. 
Since persisting high levels of leukocytes were 
not maintained in the peripheral blood, the 
type has been considered pseudoleukemia or 
aleukemic leukemia. Most of the cases occurred 
in the first experiments in which treatments 
were given for only twelve weeks and in which 
the animals were receiving 15 to 20 r per day.— 
Harry Hauser. 


MacKee, Georce M., Cipo_ttaro, ANTHONY 
C., and ArtHur. Shock- 
proof roentgen ray apparatus in dermatology. 
Arch. Dermat. & Syph., Jan., 1943, 475 43-57 
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The authors discuss a new  shock-proof 
roentgen apparatus which they hold is safer and 
more flexible than the old types of apparatus. 
It differs from the older machines chiefly in the 
fact that the connecting cables and tube hous- 
ing are insulated so that they cannot give an 
electric shock. The tube is surrounded by a 
metal enclosure with a window transparent to 
roentgen rays. The space between the metal 
casing and the tube is filled with oil for which a 
cooling device is provided. A diagram of the 
apparatus is given. Measurements of the 
quality of the rays from the shock-proof and 
ordinary apparatus showed that they were 
practically the same so that the number of 
roentgens necessary to produce an erythema 
dose is about the same. 

One disadvantage of the shock-proof ap- 
paratus is that the distribution of the radiation 
is not uniform so that it is not safe to use over- 
lapping. To overcome this difficulty it is recom- 
mended that the window in the tube housing 
should be concentric with the oil-immersed 
tube so that the thickness of oil is uniform in 
all directions and that the oil-immersed tubes 
should have targets at an angle of 45 degrees 
with a round focus as in universal Coolidge 
tubes. The angle in the shock-proof apparatus 
has heretofore been 20 to 30 degrees. 

In the discussion Dr. Andrews called at- 
tention to the fact that shock-proof apparatus 
is not necessary for safety and that even with it 
care is necessary. A number of technical details 
were discussed.—Audrey G. Morgan. 
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statistical analysis of 100,000 examinations of, 
by photoroentgen method (abs), 361 
studies in (abs), 
postoperative canine collapse in (abs), 113 
CHILDREN between two and fourteen years, preva- 
lence of rickets in (abs), 236 
CHOLECYsTOGRAPHY, oral, comparative study of 
single and divided dose method with con- 
trast media in liquid and solid form (abs), 
117 


CaRDIA, 


CELLs, 


influence of, on tumor 


atoma of (abs), 787 


iodine 
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pheniodol as medium for (abs), 117 
priodax as contrast medium in (abs), 117 
with priodax, report on 600 examinations (abs), 
118 
CircuLation, pulmonary, dynamics of, 575 
CLEIDocRANIAL dysostosis, hereditary (abs), 512 
Cuiinicat characteristics of leukemia, 387 
CLUBBED FINGERS, 325 
CoaGULOGRAM as critical indicator of irradiation 
effect, 464 
Coccipio1pomycosis, chronic pulmonary, 
study of, 396 
Cocoanut GROVE DISASTER, roentgen findings in 
lungs of victims of, 1, 494 
CoLon, carcinoma, clinical features, diagnosis and 
treatment (abs), 246 
duplex, 319 
roentgen diagnosis of amebiasis of (abs), 371 
Co.ostomy, method for barium enema examination 
of patient with, 782 
ConGeEnIrat absence of lung diagnosed before death 
(abs), 364 
absence of pedicle from cervical vertebra, 193 
aneurysmal dilatation of aorta associated with 
arachnodactyly (abs), 112 
atresia of duodenum and of ileum (abs), 121 
atresia of pancreatic duct system as cause of 
meconium ileus (abs), 120 
dislocation of hip, 331 
duodenal diaphragm, megaduodenum secondary 
to, 72 
obstruction, omphalocele with (abs), 119 
Concrés (IV*) des Médecins Electro-Radiologistes 
de Langue Frangaise, notice of meeting, 
494 
Convract radiation therapy, low voltage (abs), 240 
Contrast and intensity distribution function of 
roentgen image, 67 
media for roentgen diagnosis, iodinated organic 
compounds as (abs), 511 
Corpus CALLOsuM, lipoma of, 125 
CRrANIOLACUNIA, origin of (abs), 105 
CusHING’s SYNDROME, therapeutic observations in 
(abs), 786 
Cyst, Baker’s (abs), 236 
intracranial dural (abs), 787 


roentgen 


Davip ANDERSON-BERRY PRIZE, 349 
DERMATOLOGY, shock-proof roentgen-ray apparatus 
in (abs), 794 
DrapuHracM, hernia of (abs), 119 
ery duodenal, megaduodenum secondary 
726 
alas of humerus, fractures of (abs), 513 
DiceEstive disturbance, relation of coincident anoma- 
lies of gastrointestinal tract and renal ptosis 
to (abs), 370 
tract. See also Gastrointestinal tract 
tract, barium-gelatine mixture for roentgen 
examination of (abs), 368 
Diseases, chronic, roentgen detection of, in an 
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Army General Hospital, not excluded by 
induction boards (abs), 524 
DisLocation, congenital, of hip, 331 
Dispiay case, portable, 231 
Distincror, universal, of Holzknecht-Ingber in 
examination of gastrointestinal tract, 350 
DiverticuLum, esophageal, esophagobronchial fis- 
tula through, 20 
Meckel’s (abs), 119 
of cardia of stomach, 730 
true pericardial, 27 
Dosace, radium, nomographic aids in calculating, 
for plane and point sources (abs), 376 
system for linear gamma-ray sources (abs), 376 
Dose, calculation of, from point and linear sources of 
radium, 203 
integral, when whole body is irradiated (abs), 
375 
measurements of depth dose for 100, 120 and 
135 kv. roentgen rays (abs), 375 
roentgen-ray, condenser ionization chambers for 
measurement of (abs), 374 
volume, significance of (E), 91 
Doses, effects of repeated small roentgen-ray, on 
blood picture, tissue morphology, and life 
span in mice (abs), 793 
of radiation, tissue and cellular changes brought 
about with single massive (abs), 793 
roentgen, changes produced with intermediate- 
range, and comparison of relative suscepti- 
bility of different kinds of animals (abs), 
792 
Ducroquet’s plaster cast, treatment of trochanteric 
fractures of femur in old people with (abs), 
517 
DvopenaL diaphragm, intrinsic, megaduodenum 
secondary to, 726 
DvopeNvuM, congenital atresia of (abs), 121 
Dup ication of entire large intestine, 319 
Dura, intracranial cyst of (abs), 787 
Dyscrasias, blood, hemothorax in (abs), 112 
DyspirurrarismM as probable cause of chronic 
pulmonary osteoarthropathy (abs), 520 


Ecuinococcus cyst, lung lesions simulating pathog- 
nomonic roentgen sign of (abs), 117 
Epema, presternal, mumps with (abs), 111 
EpiroriALs 
The significance of the volume dose, 91 
Walter Bradford Cannon 1871-1945, 94 
Tumors and tumor metastases in their relation 
to trauma, 213 
Pneumothorax in young adult males, 344 
Aerotitis and its prevention by the use of 
radium, 483 
Lloyd Bryan 1884-1945, 488 
Abraham Strauss 1887-1946, 490 
The roentgenographic aspects of polycythemia 
vera, 649 
James Bell Bullitt 1863-1946, 651 
Robert Glenn Allison 1887-1946, 653 
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The problem of the most efficient therapeutic 
approach in mediastinal tumor, 766 
Edwin Atkins Merritt 1880—1946, 769 
Alexander Berkeley Moore 1883-1946, 771 
Isaac Levin 1866-1945, 773 
Errect, irradiation, coagulogram as critical indi- 
cator of, 464 
of irradiation-killed cells on tumor growth (abs), 
792 
of irradiation of ovaries upon estrus and neo- 
plastic diseases in Marsh-Buffalo mice 
(abs), 673 
of roentgen therapy on experimental virus pneu- 
monia, 473, 478 
of temperature on sensitivities of roentgen-ray 
screens and films (abs), 791 
on tissues and blood of C;H mice produced 
with single small whole-body exposures of 
roentgen rays (abs), 792 
Errects, histologic, of radiophosphorus on normal 
and lymphomatous mice, 44 
of radioactive sodium on normal and leukemic 
mice, 
radiation, newer investigations of, and their 
clinical applications, 135 
Eco Wuire, treatment of cancer with (abs), 239 
EHLERS-DANLOS SYNDROME, 420 
E.sow, hemangioma of, successfully treated with 
radium at early age (abs), 246 
EMPHYSEMA, spontaneous mediastinal (abs), 366 
EMPHYSEMATOUS gastritis, 588 
ENCEPHALOGRAPHY, use of laminagraphy with, in 
diagnosis of midline and subtentorial brain 
tumors, 675 
vertical, chair for, 779 
EnpocrinE disturbances, roentgen therapy of, 337 
ENDOTHELIOMA, primary, of pleura, 173 
Enercy absorption (abs), 375 
Epipuysis of terminal phalanx of a finger, osteo- 
chondritis of (abs), 513 
EsopHAGOBRONCHIAL fistula through an esophageal 
diverticulum, 20 
EsopHacocecaz fistula diagnosed roentgenologicall y 
(abs), 362 
EsopHaGus, carcinoma, in association with achalasia 
of cardia (abs), 109 
carcinoma, supervoltage roentgen therapy of 
(abs), 671 
carcinoma, treatment by supervoltage radiation, 
533 
diverticulum of, 
through, 20 
Estrus, influence of irradiation of ovaries upon, in 
Marsh-Buffalo mice (abs), 673 
ETHYL IODOPHENYLUNDECYLATE, experimental and 
clinical myelography with (abs), 511 
Eye and radiology (abs), 106 
physiology of (abs), 106 
Eyes, device for preparation of, for roentgenoscopy, 
348 


esophagobronchial _ fistula 
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Femur, treatment of trochanteric fractures of, in old 
people with Ducroquet’s plaster cast (abs), 
517 
FiBRoMA, ossifying, of superior maxilla (abs), 788 
Fi_m contrast factor, 627 
identification marker, custom made, 664 
FILTERS, wedge, use of, in deep roentgen therapy 
(abs), 249 
FINGER, osteochrondritis of epiphysis of terminal 
phalanx of (abs), 513 
KinGcers, clubbed, 325 
FistuLa, esophagobronchial, through esophageal 
diverticulum, 20 
esophagocecal, diagnosed roentgenologically 
(abs), 362 
FLoripA RADIOLOGICAL Society, 778 
Foor, diagnostic problems in fractures of, 594 
march fracture of, and in other bones (abs), 517 
Fossa, giant jugular, 333 
FRACTURE, fissure, occasional appearance of inner 
and outer suture lines in roentgenograms 
of skull simulating, 315 
isolated, of first rib produced by muscular trac- 
tion (abs), 512 
FRACTURES, compression, of vertebral bodies, and 
other changes mistaken for them (abs), 514 
delayed reduction of (abs), 516 
march (abs), 517 
march, including others than those of foot (abs), 
$17 
of diaphysis of humerus (abs), 513 
of external tuberosity of astragalus (abs), 237 
of foot and ankle, diagnostic problems of, 594 
trochanteric, treatment of, of femur, in old 
people with Ducroquet’s plaster cast (abs), 
$17 
FRENCH radiologists, recent visit with, 634 
FRIEDMAN, Mayor Mitton, M.C., honored, 494 
FunGus disease of chest (abs), 362 


GAMMA-RAY sources, linear, dosage system for (abs), 
376 
GANGLIA of wrist, radiation treatment of (abs), 674 
GANGRENE of skin from migratory and dissecting 
postoperative hematoma (abs), 523 
Gastritis, correlation of gastroscopic, roentgeno- 
logic and pathologic findings in, 251 
emphysematous, 588 
GASTROINTESTINAL TRACT, Carcinoma, treatment by 
supervoltage radiation, 533 
relation of coincident anomalies of, and renal 
ptosis to digestive disturbance (abs), 370 
universal distinctor of Holzknecht-Ingber in ex- 
amination of, 350 
Gastroscopic, correlation of, with roentgenologic 
and pathologic findings in diseases of stom- 
ach, 251 
GIANT CELL of giant cell tumors, morphology, his- 
togenesis and biology of (abs), 518 


Heart, quantitative roentgenographic method for 
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determination of size of left auricle, 427 
simple method of measurement of (abs), 363 
Hear capacities of roentgen-ray tubes, 621 
HemANGioMA of elbow successfully treated with 
radium at early age (abs), 246 
HEMATOGENOUS muscle tuberculosis (abs), 238 
Hemaro.ocicat characteristics of leukemia, 387 
Hematoma, extradural cerebellar (abs), 787 
migratory and dissecting postoperative, gan- 
grene of skin from (abs), 523 
Hemoruorax in blood dyscrasias (abs), 112 
Hepatitis, amebic, roentgen appearances in (abs), 
118 
Hernia, diaphragmatic (abs), 119 
traumatic, of lateral pharyngeal walls (abs), 361 
HERNIATION, posterior, of knee joint (abs), 236 
Hip, congenital dislocation of, 331 
Histo.ocic effects of radiophosphorus on normal 
and lymphomatous mice, 44 
Histop.asmosis (abs), 238 
HopGKIn’s DISEASE. See also Lymphogranulomato- 
sis, malignant sarcoma type, lymphoblas- 
toma of (abs), 521 
HoizkNeEcuT-INGBER, universal distinctor of, in ex- 
amination of gastrointestinal tract, 350 
Hospirtat personnel, tuberculosis among (abs), 114 
Humekvus, fractures of diaphysis of (abs), 513 
osteochondritis dissecans of supratrochlear sep- 
tum of, 717 
Hyparip disease, alveolar, as possible cause of mas- 
sive calcification of liver, 189 
Hyrerostosis, internal frontal, syndrome of (abs), 
360 
HyPERTENSION, essential and malignant, pyelo- 
grams in patients with (abs), 122 
HyPERTHYROIDISM, roentgen therapy of, 337 
Hyrertropny, chronic, of skin and long bones, an 
osteodermopathic syndrome (abs), 123 
Hyporuyroipism, childhood, radioactive iodine 
studies in (abs), 111 


ILEUM, congenital atresia of (abs), 121 

INDUCTION sTATION, procedures facilitating roent- 
genologic interpretation in, 617 

INDUSTRIAL radiation hazards (abs), 789 

INFANT, agenesis of lung in (abs), 114 

INFANTS, osteomyelitis in, 299 

roentgen diagnosis of hypertrophic pyloric ste- 

nosis in (abs), 370 

INFECTIONS, suppurative, roentgen therapy with low 
dosage in (abs), 247 

INFLAMMATORY conditions, theories on effectiveness 
of roentgen therapy in (abs), 247 

INFLUENZA virus, swine, pneumonia produced in 
white mice by, effect of roentgen therapy, 
478 

InyuRIEs of vertex of skull (abs), 785 

INJURY, experimental roentgen (abs), 792; (abs), 793 

INrENsiry distribution function of roentgen image, 
67 
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Inrer-AMERICAN Conoress OF RapioLocy, Second, 
preliminary program, 217 
INTERVERTEBRAL apophyseal processes, roentgenol- 
ogy of (abs), 515 
discs, nature and function of (abs), 124 
InresTINE, large, duplication of, 319 
small, correlation of roentgen diagnosis with op- 
erative findings in obstruction of (abs), 37 


INTRABRONCHIAL spread following thoracoplasty 
(abs), 110 
INTRACRANIAL metastasis of carcinoma of lung (abs), 


106 
loDINATED organic compounds as contrast media for 
roentgen diagnosis (abs), 511; (abs), 512 
loping, radioactive, studies in childhood hypothy- 
roidism (abs), 111 
Ion1zaTION chambers, condenser, for measurement 
of roentgen-ray dose (abs), 374 
IRRADIATION effect, coagulogram as critical indicator 
of, 464 
killed cells, influence of, on tumor growth (abs), 
792 
of ovaries, influence of, upon estrus and neo- 
plastic development in Marsh-Buffalo mice 
(abs), 673 
of whole body, integral dose (abs), 375 
pelvic, ureter and its involvement in (abs), 672 
pneumonitis (abs), 368 
roentgen, area factor in (abs), 791 
sickness (abs), 239 
single small doses, whole-body, effects on tissues 
and blood of C;H mice of (abs), 792 
time factor in (abs), 790 


Jaw, upper, malignant tumors of (abs), 107 
JUGULAR FOSSA, giant, 333 


Kipneys, cancer, skeletal and pulmonary metastases 
from, 153 
carcinoma, treatment by supervoltage radia- 
tion, 533 
malignant tumors of (abs), 374 
relation of coincident anomalies of gastrointes- 
tinal tract and ptosis of, to digestive dis- 
turbance (abs), 370 
tumors of (abs), 373 
KNEE JOINT, pneumoroentgenography of (abs), 237 
posterior herniation of (abs), 236 


LAMINAGRAPHIC attachment for United States Army 
field roentgen-ray unit, 667 

LAMINAGRAPHY with encephalography in diagnosis 
of midline and subtentorial brain tumors, 
675 

LARYNX, carcinoma, treatment by supervoltage ra- 
diation, 533 

Lecc-PERTHES DISEASE, relation of, to function of 
thyroid gland (abs), 515 

LEONTIASIS OSSEA, generalized, 37 

Leukemia, hematological and clinical characteristics 
of, 387 
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in mice following exposure to roentgen rays 
(abs), 789 
in physicians, incidence of (abs), 790 
in radiologists (abs), 790 
monocytic, associated with bone changes (abs), 
519 
roentgen treatment of, 377 
LEUKEMIC mice, effects of radioactive sodium and of 
roentgen rays on, §5 
LEUKOSARCOMA, 743 
Levin, Isaac 1866-1945, obituary, 773 
portrait, 773 
Lire span in mice, effects of repeated small doses of 
roentgen rays on (abs), 793 
Lip, cancer of (abs), 245 
Liroma of corpus callosum, 125 
Liver, massive calcification of, 189 
LUMBOSACRAL region, roentgenograms of, in 100 sol- 
diers, 292 
LunG abscess secondary to stenosing bronchiogenic 
carcinoma (abs), 365 
agenesis of, in infant (abs), 114 
congenital absence of, diagnosed before death 
(abs), 364 
tumor in superior sulcus of (abs), 113 
LuNGs, anteroposterior lordotic projection in roentgen 
examination of (abs), 361 
capillary flow in, intrapulmonary air pressure 
and its relation to, $75 
carcinoma, treatment by supervoltage radiation, 
$33 
carcinoma, treatment of (abs), 244 
changes in, in carbon tetrachloride poisoning,16 
chronic osteoarthropathy of (abs), 520 
clinical and roentgen studies in mycosis of (abs), 
362 
fungus disease of (abs), 362 
intracranial metastasis of carcinoma of (abs), 
106 
lesions of, simulating pathognomonic roentgen 
sign of echinococcus cyst (abs), 117 
metastases, from cancer of kidney, prostate and 
bladder, 153 
of victims of Cocoanut Grove disaster, roentgen 
findings in, 1, 494 
postoperative collapse of, in childhood (abs), 
113 
LympH Nopes, obstructing tuberculous hilar, radia- 
tion therapy for (abs), 247 
LympHos.astoma of Hodgkin’s sarcoma type (abs), 
§21 
LyMPHOGRANULOMATOSIS, abdominal, 165 
malignant, with bone lesions (abs), 518 
of bone (abs), 234 
LyMPHOID TISSUE, in nasopharynx and pharynx, ra- 
diation therapy of (abs), 671 
in nasopharynx, roentgen treatment of (abs), 
672 
LympuHoma of stomach, correlation of gastroscopic, 
roentgenologic and pathologic findings in, 
251 


treatment by supervoltage radiation, 533 
LympHomatous mice, histologic effects of radio- 
phosphorus on, 44 
LyMPHOSARCOMATOSIS with bone lesions (abs), 234 


MANDIBLE, osteoradionecrosis of, 733 
MAXxILLa, superior, ossifying fibroma of (abs), 788 
MAXILLARY sinuses, tomography in region of (abs), 
360 
MEASUREMENT, depth dose, for 100, 120 and 135 kv. 
roentgen rays (abs), 375 
method of, for determination of left auricular 
size, 427 
of projected bone angle, influence of position on, 
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of roentgen-ray condenser 
chambers for (abs), 374 
MECKEL’S DIVERTICULUM (abs), 119 
MECONIUM ILEUS, congenital atresia of pancreatic 
duct system as cause of (abs), 120 
MepIAsTINUM, problem of most efficient therapeutic 
approach in tumors of (E), 766 
spontaneous emphysema of (abs), 366 
tumors, roentgenologic features of (abs), 367 
MEDICAL PAPERS, comments on preparation and 
presentation of, 495 
MeEDULLOBLASTOMA, cerebellar (abs), 787 
MeGaco on (abs), 121 
MEGADUODENUM secondary to intrinsic duodenal 
diaphragm, 726 
Menincioma, calcified spinal (abs), 511 
MENINGOcELE, frontal, otolaryngologic aspect of 
(abs), 785 
MeENsuRATION, cardiac (abs), 363 
Merritt, Epwin Arkins 1880-1946, obituary, 769 
portrait, 769 
MESOTHELIOMA, primary, of pleura, 173 
Meraso ism of bone salts in resistant rickets (abs), 


dose, ionization 


Merasrases, skeletal and pulmonary, from cancer 
of kidney, prostate and bladder, 153 
tumor, in their relation to trauma (E), 213 
Metastasis, intracranial, of carcinoma of lung (abs), 
106 
Mice, C;H, effects on tissues and blood of, produced 
with single small whole-body exposures 
(abs), 792 
effects of repeated small doses of roentgen rays 
on blood picture, tissue morphology and 
life span in (abs), 793 
leukemia in, following exposure to roentgen rays 
(abs), 789 
Marsh-Buffalo, influence of irradiation of ova- 
ries upon estrus and neoplastic development 
in (abs), 673 
normal and leukemic, effects of radiactive so- 
dium on, 55 
normal and lymphomatous, histologic effects of 
radiophosphorus on, 44 
Miviary densities associated with mitral stenosis- 


(abs), 111 


Subject Index to Volume 55 


MirrRAc stenosis, miliary densities associated with 
(abs), 111 
Moore, ALEXANDER BERKELEY 1883-1946, obitu- 
ary, 77! 
portrait, 77 
MorGAGni-STEWART-MOREL SYNDROME, pneumoen- 
cephalographic findings in (abs), 786 
Mumps with presternal edema (abs), 111 
Musc te tuberculosis, hematogenous (abs), 238 
Muscu tar traction, isolated fracture of first rib pro- 
duced by (abs), 512 
Mycosis, pulmonary, clinical and roentgen studies in 
(abs), 362 
Myecocrapuic diagnosis of extramedullary cervical 
spinal cord tumors, 413 
MYELoGRAPHY, experimental and clinical, with pan- 
topaque (abs), $11 
opaque, in penetrating wounds of spinal canal, 
689 
pantopaque (abs), 512 
with pantopaque, and new technique for its re- 
moval (abs), 511 


NaGasAkI, distribution of radiation in atomic bomb- 
ing of, 525 
NASOPHARYNX, carcinoma of (abs), 107 
carcinoma of, treatment by supervoltage radia- 
tion, $33 
radiation therapy of lymphoid tissue in (abs), 
671 
roentgen treatment of lymphoid tissue in (abs), 
672 
NationaL Cancer Institute, place of, in cancer 
problem (abs), 249 
Navy recruits, pulmonary tuberculosis in (abs), 115 
NECROSIS, pancreatic, roentgen aspects of (abs), 372 
Neop.asm. See TuMoR 
NEvuROGENIC polycythemia (abs), 523 
Nevro.oaic changes, unusual osseous disease with 
(abs), 123 
NevuRosurGERyY and radiation for relief of pain in ad- 
vanced cancer (abs), 672 
New ENGLAND RoentGEN Ray Society, 658 
Nomocram as aid in calculating radium dosage for 
plane and point sources (abs), 376 
NortH Caro.ina RapioLocicaL Society, program 
of annual meeting, 348 


OsstrUCTION, small intestinal, correlation of roent- 
gen diagnosis with operative findings in 
(abs), 371 

OmPHALOCELE with congenital obstruction (abs), 119 

ORAL CAVITY, Carcinoma, treatment by supervoltage 
radiation, $33 

ORGANIC COMPOUNDS, iodinated, as contrast media 
for roentgen diagnosis (abs), 511; (abs), 512 

Or eans Parish RapIoLocicaL Society, 494 

OrTHODIAGRAMS, simplified method for making, 508 

OssEOUS DISEASE, unusual, with neurologic changes 


(abs), 123 


Vou. 55, No. 6 


802 


OsTeiris FiBROSA and renal osteomalacia in adults 
(abs), 235 
focal, of skull (abs). 235 
OsTEOARTHRITIS of spine, 292 
OsTEOARTHROPATHY, Chronic pulmonary (abs), 520 
OsTEocHONDRITIS of epiphysis of terminal phalanx of 
a finger (abs), 513 
dissecans of supratrochlear septum of humerus, 
717 
OstTEOCLASTOMA, diagnosis and treatment (abs), 520 
OsTEODERMOPATHIC SYNDROME (abs), 123 
OSTEOGENESIS IMPERFECTA, rickets and 
scurvy in case of, 30 
OsTEOGENIC SARCOMA, treatment of, with preopera- 
tive roentgen radiation in large doses (abs), 
244 
OsTEoID OsTEOMA (abs), 519 
OsTEOMALACIA, renal, and osteitis fibrosa in adults 
(abs), 235 
OsTEOMYELITIS in infants, 299 
OsTEORADIONECROSIS of mandible, 733 
OTOLARYNGOLOGIC aspect of frontal meningocele 
(abs), 785 
OVARIES, carcinoma, treatment by supervoltage ra- 
diation, 533 
influence of irradiation of, upon estrus and neo- 
plastic development in Marsh-Buffalo mice 
(abs), 673 


infantile 


PaGet’s piseAse, basilar impression secondary to 
(abs), 787 
Pain, neurosurgery and radiation for relief of, in ad- 
vanced cancer (abs), 672 
PALINDROMICc rheumatism (abs), 519 
Pancoast Lecture, 1942, 135; 1944, 251 
PANCREAS, roentgen aspects of necrosis of (abs), 372 
Pancreatic duct system, congenital atresia of, as 
cause of meconium ileus (abs), 120 
Pancreatitis, calcareous (abs), 120 
PANTOPAQUE, experimental and clinical myelography 
with (abs), 511 
myelography (abs), 512 
myelography with, and new technique for its re- 
moval (abs), 511 
use of, in myelographic diagnosis of extramedul- 
lary cervical spinal cord tumors, 413 
Papers, medical, comments on preparation and pres- 
entation of, 495 
PaTrHOLocic, correlation, with gastroscopic and 
roentgenologic findings in diseases of the 
stomach, 251 
Pepic.e, congenital absence of, from cervical vertebra, 
193 
PELvis, involvement of ureter in irradiation of (abs), 
672 
PENNSYLVANIA RapioLocicaL Society, notice of 
meeting, 494 
program of meeting, 778 
Peptic ULCER, correlation of gastroscopic, roent- 
genologic and pathologic findings in, 251 
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wartime, responsibility of roentgenologist in 
problem of (abs), 370 
PERICARDIAL diverticulum, true, 27 
PHALANX, terminal, of finger, osteochondritis of 
(abs), 513 
radiation therapy of lymphoid tissue in (abs), 
671 
traumatic hernia of lateral walls of (abs), 361 
PHENIODOL as medium for cholecystography (abs), 
117 
PHOTOFLUOROGRAPHIC personnel, protection of, 198 
PHOTOROENTGEN method, statistical analysis of 
100,000 examinations of chest by (abs), 361 
Puysicat factors, controlling diagnostic quality of 
roentgen images, analysis of 67, 627 
Puysicians, leukemia in, incidence of (abs), 790 
Piatysasta (abs), 787 
PLEURA, primary mesothelioma of, 173 
PNEUMOCEPHALUS, traumatic (abs), 787 
PNEUMOENCEPHALOGRAPHIC findings in Morgagni- 
Stewart-More! syndrome (abs), 786 
PNeuMOGRAPHY, subdural, 710 
PNEUMONIA, experimental virus, effect of roentgen 
therapy on, 473 
feline virus, effect of roentgen therapy on, 473 
primary atypical and bacterial, comparative 
roentgen study (abs), 364 
primary atypical, roentgen diagnosis (abs), 364 
primary atypical virus, roentgen study (abs), 
363 
produced in white mice by swine influenza virus, 
effect of roentgen therapy on, 478 
PNEUMONITIS, irradiation (abs), 368 
persistent coccidioidal, 396 
PNEUMOPERITONEUM, diagnostic value of (abs), 369 
postoperative (abs), 113 
PNEUMOROENTGENOGRAPHY Of knee joint (abs), 237 
PNEUMOTHORAX in young adult males (E), 344 
Potson1nG, carbon tetrachloride, pulmonary changes 
in, 16 
PotycyTHEMIA and associated manifestations, satis- 
factory treatment of, with radiophosphorus 
(abs), 522 
neurogenic (abs), 523 
secondary possibly to Banti’s syndrome (abs), 
vera, roentgenographic aspects of (E), 649 
Position, influence of, on measurement of projected 
bone angle, 722 
PrRESTERNAL edema, mumps with (abs), 111 
Priopax as contrast medium in cholecystography 
(abs), 117 
cholecystography with, report on 600 examina- 
tions (abs), 118 
ProstaTE GLAND, cancer, skeletal and pulmonary 
metastases from, 153 
carcinoma, treatment by supervoltage radiation, 
§33 
Protection of photofluorographic personnel, 198 
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PyELOGRAMS in patients with essential and malig- 
nant hypertension (abs), 122 

PyeLoGRapPHy, value of delayed examination in (abs) 
373 

Py torus, hypertrophic stenosis of, in infants, roent- 
gen diagnosis (abs), 370 


Quatirty, diagnostic, of roentgen images, physical 
factors controlling, 67, 627 


RADIATION and neurosurgery for relief of pain in ad- 
vanced cancer (abs), 672 
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NUMBER 6 


Prominent roentgenologists like the sharp detail 
obtained with Du Pont X-ray Film. 

The distinctive blue base of this film—orig- 
inated by Du Pont research—plus its speed, 
latitude and other characteristics, lead to radio- 
graphs of highest quality. 

E. 1. du Pont de Nemours & Co. (Inc.), Photo 
Products Department, Wilmington 98, Delaware. 


In Canada: Canadian Industries, Ltd. 


DU PONT 
X-RAY FILM and CHEMICALS 


GU PONT 


REG. 5. pat. Off 
BETTER THINGS FOR BETTER LIVING 
-»-THROUGH CHEMISTRY 


CHECK THESE FEATURES: 


1. Clear, blue safety base 
2. Uniformity 
3. Speed 
4. Contrast 
5. Detail 
6. Wide latitude 
7. Convenient packaging 
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EARLY SUBSCRIPTION, $10.00 


You can handle mass chest surveys faster 

—and get guaranteed identical densities 

with the Westinghouse P.F.X. equip- 

ment. For this unit has such broad flexi- 

bility it gives you four photo-timed ad- 

vantages with a simple change-over: 

1. Stereoscopic 70 mm x-ray studies on 
either roll or cut film. 

2. Individual or single 70 mm chest radio- 
graphs. 

3. 14” x 17” radiographs at 60” distance. 

4, Multiple miniature 35 mm or 70 mm 
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SincLe NUMBER $1.50 


You can handle surveys faster because 
the Westinghouse P.F.X. unit will pro- 
duce mass chest x-rays, as rapidly as 
patients can be positioned, all of them 
with guaranteed identical densities con- 
trolled by the Westinghouse Exposure 
Monitor. 


You can get the complete story on the 
benefits you gain with Westinghouse 
P.F.X. equipment from your nearest 
Westinghouse office. Westinghouse 
Electric Corporation, P. O. Box 868, 
Pittsburgh 30, Pa. J-08169 


and for accessories 
you'll be pleased with service you get 
from your Westinghouse supplier. For 
all x-ray accessories and supplies, 
call Westinghouse. 
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